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Ordnance  Office,  War  Department, 

Washington,  October  9, 1875. 

Sib  :  1  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
Jane  30, 1875,  with  such  remarks  and  re^jommendations  as  the  interests 
of  that  branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  disbursements  of  the  Department  during  the 
year  were  as  follows,  viz : 

Amoant  of  appropriations  in  Treasury  June  30. 1874  ...  * §1, 434, 14)5  88 

Amonnt  in  GoverDment  depositories  to  credit  of  disbursing  officers  on  4 

same  date 468,263  10 

Amount  of  deposits  in  Treasury  not  reported  to  the  credit  of  tlie  appro- 
priations on  the  same  date 4,318  38 

Amonnt  of  appropriations  from  July  1,  ItuA,  to  June  30,  1875,  including 
the  fixed  annual  appropriation  for  arming  and  equipping  the  militia.     1, 34:2, 457  00 

Amoant  of  appropriation  for  the  year  1876  available  for  Rock  Island 
Arsenal,  during  the  fiscal  year  endi ng  Jane  30, 1875 100, 000  00 

Amonnt  from  appropriation  from  sales  of  ordnance  material 56, 000  00 

Amoant  (net)  received  sinc«  .June  30, 1874,  on  account  of  damages  to 
arms  in  hands  of  troops,  from  sales  of  arms  to  officers,  and  ot  con- 
demned stores,  and  from  all  other  sources  not  before  mentioned. . . . ...        849, 438  72 

Total - 4,254,578  08 

Amount  of  cspendituros  since  June  30, 1874 1, 984, 849  89 

Amount  reported  as  in  the  Treasury  June  30,  1874,  not  carried  to  the 
appropriations,  now  covered  in  as  miscellaneous  receipts  on  account 
of  sales  of  ordnance  stores 1,400  20 

Amoant  deposited  under  appropriation  for  allowance  under  eight-hour 
law  in  excess  of  remittances 8,026  74 

Amonnt  deposited  in  Treasury  during  the  fiscal  year  ending  June  30, 
1875,  as  miscellaneous  receipts 790,351  10 

Amoant  of  deposits  in  Treasury  not  reported  to  the  credit  of  the  appro- 
priation on  June  30, 1875 11,686  24 

Amonnt  in  Government  depositories  to  the  credit  of  disbursing-officers 
on  June  30, 1875 255,709  26 

Amoant  tamed  in  to  the  "surplus  fund'' 940,019  77 

Amount  of  appropriations  in  Treasury  June  30,  1875 262, 534  88 

Total : 4,254,578  08 


Daring  the  past  year  all  the  varied  duties  of  the  Department  and  the 
operations  at  the  several  arsenals  an(].  the  Katioiial  Armory  have  been 
performed  with  a  view  to  an  economical  expenditure  of  the  limited  ap- 
propriations made  and  an  efficient  and  successful  administration  of  the 
Department.  The  erection  of  public  biiildings  at  the  Eock  Island  and 
Benicia  Arsenals  under  specific  appropriations ;  the  manufacture  of  arms 
>     ammunition,  equipments,  and  othe/ ordnance,  stores  and  supplies,  and 
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their  distribation  to  the  Army,  militia,  and  Marine  Corps ;  the  exam- 
ination and  testing  of  inventions,  and  experiments  and  trials  with  heavy 
cannon  at  the  proving-grounds  at  Sandy  Hook ;  and  the  care  and  pres- 
ervation of  the  different  arsenals  and  of  their  stores  and  supplies, 
have  given  full  occupation  to  the  officers  of  the  Corps. 

REPAIRS  OF  ARSENALS. 

The  very  small  appropriation  made  the  past  few  years  ^'for  the  re- 
pairs of  the  smaller  arsenals,  &c.,  $50,000,^  is  deemed  entirely  inade- 
quate to  the  proper  care  and  preservation  of  these  government  estab- 
lishments, and,  as  a  consequence,  the  public  buildings,  inclosures,  &c., 
that  need  constant  and  careful  attention,  are  in  many  cases  going  to 
ruin  and  decay.  It  is  not  judicious  economy,  for  want  of  a  moderate 
present  expenditure,  to  permit  such  valuable  properties  to  be  injured 
almost  beyond  the  power  of  renovation.  The  arsenals  inclose  within 
their  limits  from  ten  to  fifty  buildings  each,  with  extended  walls  or 
fences  a^  inclosures,  miles  of  roads  and  sewers,  and  in  some  of  them 
river  walls  and  wharves,  making  an  aggregate  of  perishable  structures 
and  improvements  that  call  for  a  liberal  appropriation  for  their  care 
and  preservation. 

ARMING  AND  EQUIPPING  THE  MILITIA. 

At  the  instance  of  this  Bureau,  for  the  purpose  of  relieving  many  of 
the  States  and  Territories  from  charges  of  arms,  &c.,  on  the  books  of 
this  Office^  Congress  passed  the  following  at  its  last  session : 

[Extract  from  "An  act  inakiDg  appropriations,  &c.,  for  the  support  of  the  Army  for  the 
fiscal  year  ending  Jane  30, 1876,  and  for  other  purposes/'  approved  March  3, 1875.] 

'^Seo.  3.  That  all  issues  of  arms  and  other  ordnance  stores  which 
were  made  by  the  War  Department  to  the  States  and  Territories  between 
the  first  day  of  January,  eighteen  hundred  and  sixty-one,  and  {he  ninth 
day  of  April,  eighteen  hundred  and  sixty-five,  under  the  act  of  April 
twenty-third,  eighteen  hundred  and  eight,  and  charged  to  the  States 
and  Territories,  having  been  made  for  the  maintenance  and  preservation 
of  the  Union,  and  properly  chargeable  to  the  United  States,  the  Secretary 
of  War  is  hereby  authorized,  upon  a  proper  showing  by  such  States  of  the 
faithful  disposition  of  saidxirms  and  ordnance  stores,  in  the  service  of  the 
United  States  in  the  suppression  of  the  war  of  the  rebellion,  to  credit  the 
several  States  and  Territories  with  the  sum  charged  to  them  respectively 
for  arms  and  other  ordnance  stores  which  were  issued  to  them  between 
the  aforementioned  dates,  and  charged  against  their  quotas  under  the  law 
for  arming  and  equipping  the  militia :  Provided^  Tnat  it  shall  be  the 
duty  of  the  Secretary  of  War,  before  making  a  credit,  to  any  of  said 
States  and  Territories,  to  investigate  and  ascertain,  so  nearly  as  he  can, 
the  disposition  made  by  each  of  said  States  and  Territories  of  said  arms 
and  ordnance  stores ;  and,  if  he  shall  find  that  any  of  said  arms  or 
ordnance  stores  have  been  sold  or  otherwise  misapplied,  to  refuse  a 
credit  to  such  State  or  Territory  for  so  much  of  said  arms  and  ordnance 
stores  as  have  been  sold  or  misapplied ;  and  the  amount  thereof  shall 
remain  a  charge  against  said  State  or  Territory,  the  same  as  if  this  act 
had  not  been  passed." 

In  the  endeavor  to  properly  carry  out  the  intention  of  this  law  a  cir- 
cular letter  has  been  sent  to  the  governors  of  such  States  and  Territo- 
ries as  are  interested,  giving  the  law  above  quoted,  and  inclosing  a 
detailed  statement,  taken  from  the  books  of  this  Office,  of  all  issues 
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made  between  the  dates  fixed  in  the  law  and  charged  against  their  quota 
under  the  act  of  April  23, 1808,  for  arming  and  equipping  the  militia. 
They  have  been  requested  to  cause  a  detailed  statement  to  be  made  to 
this  Office  at  an  early  day,  supported  by  the  necessary  vouchers  or  other 
satisfactory  evidence,  showing — 

I.  The  disposition  made  of  the  particular  arms,  &c.,  received  between 
the  aforementioned  dates.  If  issued  to  State  troops  who  were  subse- 
quently mustered  into  the  service  of  the  United  States,  carrying  with 
them  these  arms^  c&c,  the  name  of  the  company  and  regiment  (in  the 
United  States  service)  of  such  troops  must  be  stated,  together  with  the 
name  of  company  and  regimental  commander,  and  the  date  and  place 
of  muster-in  and  muster-out. 

II.  If  any  of  such  arms  and  ordnance  stores  at  any  time  up  to  present 
date  reverted  to  the  possession  of  the  State,  the  disposition  of  the  same 
by  the  State  authorities  must  be  stated. 

III.  If  any  arms  or  other  ordnance  stores,  now  charged  against  your 
State,  were  lost  or  destroyed  during  the  rebellion,  their  description  and 
quantity  must  be  stated,  the  cause  and  manner  of  their  destruction 
given,  and  properly  supported  by  evidence,  with  the  reasons  why  credit 
should  be  given  by  the  United  States  for  said  loss. 

But  few  of  the  States  and  Territories  have  responded  to  this  circular 
letter,  but  this  Bureau  will  renew  its  efforts  to  reach  a  satisfactory  and 
final  solution  of  this  matter,  so  necessary  to  the  proper  arming  and  equip- 
ping of  the  militia. 

It  is  recommended  that  the  attention  of  Congress  be  invited  to  the 
following : 

"AN  ACT  to  aotborize  aud  direct  the  Secretary  of  War  to  distribute  arms  and  military 
eqaipraento  nnder  the  act  of  April  twenty -three,  eighteen  hundred  and  eight,  and 
the  acts  amendatory  thereof. 

**  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assemhledj  That  the  Secretary  of  War  be, 
and  be  is  hereby,  authorized  and  directed  to  distribute  to  such  States 
as  did  not,  from  the  year  eighteen  hundred  and  sixty-two  to  the  year 
eighteen  hundred  and  sixty-nine,  receive  the  same,  their  proper^quota 
of  arms  and  military  equipments  for  each  year,  frpm  eighteen  hundred 
and  sixty-two  to  eighteen  hundred  and  sixty-nine,  under  the  act  of  Con- 
gress approved  April  twenty-third,  eighteen  hundred  and  eight,  and  the 
several  acts  amendatory  thereof:  Provided,  That  in  the  organization 
and  equipment  of  military  companies  and  organizations  with  said  arms 
no  discrimination  shall  be  made  between  said  companies  and  organiza- 
tions on  account  of  race,  color,  or  former  condition  of  servitude." 

"Approved  March  3, 1873." 

Under  the  provisions  of  this  act  all  the  States  that  had  been  in  rebel- 
lion were  credited  on  the  books  of  this  Office  with  their  respective  quo- 
tas during  the  period  mentioned,  and  arms  and  other  ordnance  stores 
were  issued  to  several  of  them  on  their  application,  and  charged  accord- 
ingly.   At  the  last  session,  however.  Congress  passed  the  following : 

Extract  from  *'An  act  making  appropriations,  d^c,  for  the  support  of  the  Army  for  the 
fiscal  year  ending  June  30, 1876,  and  for  other  purposes,"  approved  March  3, 1S75. 

"And  provided  further,  That  so  much  of  the  appropriations  between 
the  first  of  January,  eighteen  hundred  and  sixty-one,  and  the  ninth  of 
April,  eighteen  hundred  and  sixty-five,  under  the  act  of  April  twenty- 
third,  eighteen  hundred  and  eight,  herein  referred  to,  as  would  have 
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been  used  for  the  purchase  of  arms  to  be  distributed  to  the  several 
States  that  were  in  rebellion,  shall  be  covered  into  the  Treasury  of  the 
United  States/' 

The  effect  of  this  last  act  is  to  annul  the  provisions  of  the  act  above 
quoted,  approved  March  3, 1873,  and  in  its  consequence  to  do  injustice 
to  some  of  the  States  interested  by  an  unequal  distribution  of  stores. 
So  much  of  the  appropriations  referred  to  as  was  still  to  the  credit  of 
any  of  these  States  has  been  "covered  into  the  Treasury  of  the  United 
States;"  but  it  is  suggested  whether,  in  consideration  of  the  two  laws 
above  quoted,  and  the  interests  of  the  militia  of  the  States,  Congress 
should  not  be  asked  for  further  legislation  thereon. 

This  Bureau  has,  for  several  years  past,  called  attention  to  the  neces- 
sity of  an  increase  to  the  annual  appropriation  for  arming  and  equipping 
the  militia.  The  subject  has  been  discussed  in  previous  reports,  and  a 
mere  reference  to  its  importance  to  the  interests  of  the  whole  country 
is  now  made.  The  annual  appropriation  of  8200,000  was  made  in  1808, 
when  the  population  of  the  country  was  about  eight  millions.  At  the 
present  time,  with  a  population  of  over  forty  millions,  the  amount  ap- 
propriated is  still  the  same,  and  it  is  impossible  for  this  Department  to 
meet  all  the  demands  made  upon  it  by  the  States  and  Territories.  If  it 
be  the  intention  and  desire  of  Congress,  as  expressed  in  the  act  of  1808, 
to  provide  "arms  and  military  equipments  for  the  whole  body  of  the 
militia  of  the  United  States,''  then  the  necessary  means  ought  to  be 
supplied  by  largely  increasing  the  annual  appropriation.  The  last  offi- 
cial reports  give  the  following  as  the  aggregate  strength  of  the  militia 
of  the  United  States: 

Organized 84,724 

Unorganized 3,701,977 

and  there  is*  little  doubt  that  were  ^^  arms  and  military  equipments'* 
more  freely  supplied,  the  organized  force  would  be  greatly  enlarged. 
The  hope  is  entertained  that  this  may  receive  the  attention  of  the  proper 
committee,  and  that  further  legislation  may  be  had  at  the  next  session 
of  Congress. 

ARSENALS. 

Congress,  at  its  last  session,  in  ^^An  act  making  appropriations  for 
sundry  ci\:il  expenses  of  the  Government  for  the  fiscal  year  ending  June 
30, 1876,  and  for  other  purposes,"  provided  as  follows : 

"And  the  Secretary  of  War  is  hereby  directed  to  cause  an  examina- 
tion to  be  made  into  the  condition  of  the  United  States  arsenals  east 
of  the  Mississippi  River,  and  to  report  to  the  next  Congress  how  many 
of  the  same  can  be  sold  without  interfering  with  the  necessities  of  the 
military  service,  together  with  an  estimate  of  the  amount  that  can 
probably  be  realized  from  the  sale  of  each  of  the  same  whenever  such 
sale  shall  be  directed  by  Congress." 

In  pursuance  thereof,  a  board,  consisting  of  Lieutenant-Colonel  Cris- 
pin and  Majors  Treadwell  and  Baylor,  Ordnance  Department,  was  ap- 
pointed for  the  purpose  indicated,  and  its  report  is  herewith  submitted, 
(marked  "Appendix  A.") 

The  board  recommends  the  immediate  sale  of  Pikesville  Arsenal,  Md. 
This  recommendation  is  concurred  in,  the  arsenal  being  badly  located 
and  of  insufficient  capacity  for  storage  to  justify  the  expenditures  ne- 
cessary to  keep  it  in  repair.  The  Detroit  Arsenal  having  been  recently 
turned  over  to  the  Interior  Department  for  sale,  as  required  by  law,  and 
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the  Colambas  Arsenal  baring  been  transferred  to  the  general  recruit- 
ing serTice  for  depot  purposes,  the  board  strongly  recommends  the 
retention  of  all  the  remaining  arsenals  east  of  the  Mississippi  as  essen- 
tial for  the  necessities  and  proper  service  of  the  Ordnance  Department, 
unless  Congress  shall  by  legislative  enactment  permit  the  execution  of 
the  plan  of  concentration  proposed  by  the  board  on  arsenals  in  1874. 
(See  Chief  of  Ordnance  Eeport,  1874.) 

That  plan  consists  in  the  establishment  of  a  grand  arsenal  of  con- 
stniction  in  the  vicinity  of  New  York  City,  retaining  the  Springfield 
Armory  and  the  Frankford  Arsenal  as  adjuncts,  for  manufacturing  pur- 
poses; retaining,  also,  the  Indianapolis  Arsenal,  Ind.;  Kennebec  Arse- 
nal, Me. ;  Fort  Monroe  Arsenal,  Ya.,  and  Augusta  Arsenal,  6a.,  as  places 
for  storage  and  repair ;  and  selling  the  Allegheny,  Watervliet,  Water- 
town,  and  Washington  Arsenals  as  rapidly  as  circumstances  will  per- 
mit, the  proceeds  of  such  sales  to  be  devoted  to  the  purchase  of  a  site 
and  the  erection  of  workshops,  store-houses,  &c.,  for  the  grand  arsenal. 
The  amount  that  can  probably  be  realized  from  the  sales  will  be 
83,316,824.56. 

The  wisdom  and  economy  of  a  greater  concentration  of  ordnance 
manufactures  seem  to  call  for  no  extended  argument.  The  military 
powers  of  the  world  do  not  fritter  away  their  means  in  fostering  numer- 
ous establishments,  but  bring  together  in  one  grand  whole  all  their 
resources,  that  there  may  result  economy  and  perfect  work.  The  expe- 
rience of  all  private  enterprises'  points  to  concentration  as  a  vital  ele- 
ment of  success.  Proximity  to  the  raw  material,  skilled  labor,  and 
cheap  transportation  are  the  scarcely  less  important  factors  in  the  prob- 
lem, and  all  these  can  be  attained  by  the  plan  proposed.  It  appeals  all 
the  more  strongly  for  favorable  consideration  and  action,  in  that  the 
plan  can  be  carried  out  without  taking  a  dollar  from  the  public  treasury. 
This  policy  of  concentration  has  been  carried  out  for  the  Pacific  coast 
at  the  Benicia  Arsenal,  and  for  the  Mississippi  Valley  at  the  Bock 
Island  Arsenal,  and  cannot  be  too  highly  commended  nor  too  closely 
followed. 

With  our  railroad  system  of  intercommunication  that  reaches  every 
portion  of  our  broad  domain,  the  distance  to  any  point  of  our  long 
shore-line,  or  of  our  vast  inland  frontier,  is  becoming  of  less  paramount 
importance  in  the  distribution  of  war  material,  and  a  few  well-selected 
and  amply-provided  centers  of  supply  can  more  quickly  and  economi- 
cally fulfill  all  demands  than  did  the  many  arsenals,  without  rail  facili- 
ties, half  a  century  ago. 

The  Eock  Island  Arsenal,  in  its  present  incompleted  state,  now  sup- 
plies all  the  militia  of  most  of  the  States  and  Territories  drained  by  the 
great  river  and  its  tributaries,  many  of  the  fortresses  that  guard  the 
eoast-line  of  the  Gulf  of  Mexico,  and  more  than  one-half  of  our  Army, 
DOW  scattered  from  the  Mississippi  River  to  the  Rocky  Mountains  and 
beyond.  When  completed  and  fully  equipped  as  a  manufacturing 
arsenal,  its  capacitj-  will  equal  the  supplying  of  all  the  armies  that 
may  be  organized  in  the  Mississippi  Valley  in  anj'  war  of  the  greatest 
magnitude. 

Under  the  skillful  management  of  its  present  commanding  officer, 
Major  Flagler,  the  erection  of  some  of  its  extensive  workshops,  the 
completion  of  its  water-power  development,  the  construction  of  its  long 
approaches  and  communications,  and  the  arrangement  and  perfection 
of  its  numerous  minor  details,  have  been  economically  and  admirably 
done. 
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POWDER-DEPOT  AND  POWDER-MILL. 

An  estimate  bas  been  submitted  for  the  purchase  of  a  site  and  the  erec- 
tion of  magazines  for  the  storage  of  gunpowder.  The  only  powder-depot 
for  the  use  of  the  Department  is  located  at  the  Saint  Louis  Arsenal,  Mis- 
souri, ou  the  large  Government  reservation  a  few  miles  south  of  Saint 
Louis,  but  is  too  remote  from  the  Atlantic  seaboard  to  be  of  service  for 
our  wants  in  the  eastern  section  of  the  country.  Another  depot  is  abso- 
lutely indispensable,  to  be  located  at  some  convenient  point  far  away 
from  our  large  cities  and  closely  populated  neighborhoods,  but  at  a  con- 
venient distance  from  water  transportation  on  the  Atlantic  coast.  At 
present  all  our  powder-supplies  have  to  be  stored  in  the  small  maga- 
zines at  our  arsenals  in  dangerous  proximity  to  our  cities,  or  in  the 
forts  of  our  harbors,  where  it  is  subject  to  the  deteriorating  influences 
of  the  sea-air.  The  annual  saving  to  the  Government  in  the  preserva- 
tion of  ])owder  at  a  well-established  depot  would,  in  a  short  time,  repay 
the  original  expenditure. 

The  depot  should  also  supply  the  necessary  accommodation  for  the 
machinery  and  other  appliances  for  the  manufacture  of  powder  for 
experiment,  and  to  enable  the  Department  to  determine  and  fix  the 
standard  powder  for  Army  uses.  The  want  of  a  powder-mill  for  Army 
purposes  has  been  long  felt,  and  its  erection  is  of  prime  necessity  to  the 
country.  The  Ordance  Board  of  1868,  after  a  careful  consideration  of 
the  subject,  recommended  the  transfer  to  one  of  our  arsenals  of  such 
machinery  as  might  be  available  '^  for  experimental  purposes,  in  order 
to  fix  the  best  method  of  manufacturing  gunx)owder;'^  which  recom- 
mendation was  approved  by  the  Secretary  of  War.  Upon  examination 
the  machinery  on  hand  was  reported  unsuitable  for  the  purpose,  and  the 
approved  recommendation  of  the  board  has  remained  unacted  on  to  this 
day.  The  Board  on  Arsenals  of  1874  (see  report  of  Chief  of  Ordnance, 
1874,  page  163)  earnestly  recommended  that  Congress  appropriate  a 
sum  for  a  powder-depot,  *^  and  the  accommodation  of  suitable  machinery 
and  appliances  for  the  manufacture  of  experimental  powders."  These 
views  meet  with  the  hearty  concurrence  of  this  Bureau,  and,  in  support 
of  the  opinions  and  wishes  so  often  expressed  heretofore,  I  submit  a 
letter  from  Col.  T.  T.  S.  Laidley,  Ordnance  Department,  (marked  "Ap- 
pendix B,'*)  for  the  consideration  of  the  War  Department  and  of  Con- 
gress. 

SMALL-ARMS. 

The  manufacture  of  Springfield  rifles  and  carbines  at  the  National 
Armory  has  been  carried  on  during  the  past  year  with  all  the  economy 
and  success  that  the  very  small  appropriation  would  admit  of.  The 
appropriation  for  tbe  present  fiscal  year  not  being  increased  to  any 
great  amount  by  any  other  available  funds  under  the  control  of  this  De- 
partment, the  number  of  operatives  at  the  armory  has  had  to  be  largely 
reduced.  Not  more  than  17,000  j^rms  will  be  made  under  existing  appro- 
priations. 

Up  to  date  the  entire  Array  has  been  supplied  with  new  rifles  and 
carbines,  calil)er  .45,  and  we  have  now  in  store  a  reserve  supply  of  these 
arms  of  about  26,000.  At  the  end  of  the  present  fiscal  year  (June  30, 
1876)  pur  reserve  supply  may  reach  a  total  of  40,000  arms — of  the  new 
model  and  caliber — about  enough  in  case  of  war  to  arm  one  corp%  Warmie, 

It  is  not  to  be  expected  that  in  war  our  armies  will  be  better  satisfied 
with  arms  of  obsolete  patents  and  discarded  models  than  in  the  early 
days  of  the  rebdlion  thuy  were  with  tbe  ofiscourings  of  foreign  markets. 
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Mea  who  are  to  meet. the  eaemy  in  battle  have  a  right  to  demand  of 
their  coantr}-,  in  whose  defense  they  are  willing  to  imperil  their  lives,  to 
be  placed  on  an  equality  with  the  foe,  and  be  armed  with  the  best 
weapon  that  ingenuity  and  workmanship  can  produce.  And  in  our 
country,  where  armies  are  to  be  improvised,  made  up  on  the  instant 
by  recruits  from  the  anvil  and  the  plow,  the  want  of  military  discip- 
line and  training  should  be  as  much  as  possible  compensated  by  the 
quality  of  the  weapon  the  soldier  is  to  use.  Our  arsenals  should,  there- 
tore,  be  well  stocked  at  all  times  with  a  large  reserve  supply  of  the  best 
rifles  and  carbines,  and  Congress  should,  in  the  spirit  of  economy, 
appropriate  liberally  for  their  manufacture. 

ARTESIAN  WELL  AT  BENICIA  ARSENAL. 

The  boring  of  the  artesian  well  at  the  Benicia  Arsenal  has  been  con- 
tinued during  the  past  year,  and  a  depth  of  1,050  feet  has  been  reached, 
the  quantity  of  work  accomplished  being  greater  than  in  previous  years. 
The  commanding  officer's  report  thereon  is  herewith  transmitted, 
(marked  "Appendix  C")  With  the  appropriation  now  available  for  a 
continnation  of  the  boring,  it  is  hoped  that  during  the  current  fiscal 
year  a  plentiful  supply  of  water  may  be  obtained. 

THE  INFANTRY   SERVICE. 

In  May,  1874,  the  attention  of  the  War  Department  was  invited  to 
the  subject  of  a  proper  equipment  for  the  infantry  soldier,  which  had  for 
some  time  been  under  the  consideration  of  this  Department,  in  the  effort 
to  perfect  it  in  design  and  manufacture.  Experimental  equipments  (a 
modification  of  the  adopted  English  system)  had  been  on  trial  by  the 
troops  in  the  field,  and  the  data  on  file  in  this  Bureau  rendered  it  prob- 
able that,  after  full, investigation,  a  judicious  selection  could  be  made. 
Oa  my  recommendation  a  board  of  infantry  officers,  of  which  Lieut. 
Col.  W.  R,  Shafter,  Twenty-fourth  Infantry,  was  president,  was  ap- 
pointed to  meet  on  July  1, 1874,  to  consider  and  recommend  the  adop- 
tion of  an  equipment  best  suited  to  troops  serving  as  infantry,  and  to 
determine  on  such  material  and  supplies  as  may  seem  necessary  for  the 
efficient  outfit  of  infantry  troops  in  the  field  and  garrison.  After  a  ses- 
sion of  five  months,  with  all  the  facilities  of  the  Watervliet  Arsenal  to 
assist  the  members  in  their  investigations,  the  board  made  its  report, 
which  was  approved,  and  is  herewith  submitted,  (marked  "Appendix 
D.^)  The  equipment  adopted  is  now  being  manufactured,  and  the 
troops  will  be  supplied  with  it  as  rapidl.y  as  the  resources  under  the  con- 
trol of  the  Department  will  permit. 

INTERNATIONAL    EXHIBITION,  1876. 

The  War  Department  having  directed  that  the  most  complete  exhi- 
bition of  the  resources  of  the  various  branches  ot  the  Army*  service 
should  be  made  at  the  International  Exhibition  next  year,  to  the  extent 
of  the  appropriation  allotted  for  that  purpose,  the  war  material  and 
supplies  prepared  and  controlled  by  the  Ordnance  Department  it  was 
thought  would  be  of  special  interest,  not  only  to  our  own  citizens,  but  to 
visitors  from  abroad.  That  every  care  should  be  taken  in  furtherance 
of  80  important  a  matter,  and  that  the  display  might  be  as  creditable 
as  possible  in  its  selection  and  arrangement,  it  was  deemed  advisable 
to  assign  a  capable  officer  to  that  duty.   Lieut.  Henry  Metcalfe,  Ordnance 
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Department,  has  been  selected  as  peculiarly  fitted  to  do  full  justice  to 
the  work,  and  it  is  confidently  believed  that,  under  his  intelligent  super- 
vision and  administration,  this  Department  will  make  an  exhibit  that 
will  be  creditable  to  the  country,  and  prove  to  be  one  of  the  most  attract- 
ive features  of  the  exhibition. 

HEAVY  ORDNANCE. 

During  the  past  year  the  proper  armament  for  our  sea  coast  defense 
has  engaged  the  earnest  attention  of  this  Department,  and  a  board  of 
distinguished  ordnance  officers  has  been  in  permanent  session,  endeav- 
oring to  obtain  all  the  data  possible  with  the  very  straightened  resources 
at  the  command  of  this  Bureau.  Its  original  report  of  December  14, 
1874,  was  transmitted  to  Congress  by  the  President  of  the  United  States 
in  a  special  message  of  January  20, 1875.  In  that  message  the  Presi- 
dent urges  ''  the  absolute  necessity  for  immediate  provision  by  Congress 
for  the  procurement  of  heavy  cannon,"  and  adds  that '^  the  constant 
appeals  for  legislation  on  the  ^armament  of  fortifications'  ought  do 
longer  be  disregarded,  if  Congress  desires  in  peace  to  prepare  the  im- 
portant material,  without  which  future  wars  must  inevitably  lead  to 
disaster."  A  small  appropriation  of  $75,000  was  all  that  was  obtained 
from  Congress  in  the  interest  of  our  sea-coast  defense;  but  it  is  urgently 
recommended  that  the  attention  of  Congress  to  this  important  subject 
be  invoked,  and  that  the  appropriation  of  the  money  estimated  for  be 
strongly  pressed  upon  its  consideration. 

Since  the  above-mentioned  report  on  the  S-inch  rifle  was  made,  the 
board  has  continued  its  trials  with  that  gun ;  and  up  to  the  present  time 
it  has  been  successfully  fired  700  rounds  with  battering  charges,  and 
still  remains  ''  sound  and  serviceable,"  giving  an  endurance  that  fully 
justifies  the  recommendations  of  the  board,  and  my  approval,  that  our 
large  number  of  smooth-bore  guns  ought  to  be  converted  into  rifles,  as 
it  is  entirely  practicable  to  give  the  requisite  strength  and  consequent 
endurance  by  the  insertion  of  a  wrought-iron  tube.  Additional  proof  of 
the  correctness  of  this  decision  is  found  in  the  results  obtained  by 
the  firing  of  the  Oinch  rifle,  (10-inch  Eodman  lined  with  wrought-iron 
tube,)  which  has  thus  far  sustained  250  rounds,  with  battering  charges 
of  40  to  45  pounds  of  hexagonal  powder,  and  shot  of  200  to  247  pounds, 
weight,  the  gun  remaining  sound  and  in  good  condition. 

The  report  of  the  board,  December  14, 1874,  with  the  additional  re- 
ports  received,  including  a  detailed  statement  of  the  manner  of  making 
the  coiled  tubes  and  inserting  them  in  the  guns,  are  herewith  submitted,, 
(marked  "Appendix  E.")  The  experiments  that  have  been  conducted 
at  Sandy  Hook,  and  which  constitute  the  burden  of  these  reports,  have 
been  so  successful  and  satisfactory  in  their  results  that  they  have 
awakened  an  interest  among  military  men  abroad,  and  to  a  surprising 
degree,  when  we  realize  ojir  pi^my  efforts  at  effecting  results  with  insuf- 
ficient means,  and  compare  them  with  the  extensive  and  elaborate 
trials,  seemingly  regardless  of  expense,  that  have  been,  and  are  being, 
prosecuted  from  year  to  year  by  almost  every  European  nation. 

We  have  the  best  cast-iron  gun-metal  known,  and  this  plan  of  conver- 
sion enables  us  to  utilize  our  own  products.  The  wrought-iron  tubes 
can  probably  be  manufactured  in  this  country  also.  And  the  combina- 
tion of  the  two  results  in  the  production  of  a  system  of  great  strength 
and  power.  The  success  of  the  conversion  of  a  10-inch  smoothbore  Eod- 
man  into  an  8-inch  rifle  should  be  at  once  followed  up  by  a  trial  of  a  12- 
inch  35-ton  gun  made  on  a  similar  plan  of  conversion.    We  cannot 
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stand  with  folded  hands  and  permit  other  nations  to  get  tar  in  the  van 
in  a  line  of  improTement  in  which  the  United  States,  not  many  years 
ago,  knew  no  superior. 

The  saccessfal  manufacture  and  preliminary  trial  of  the  81-ton  gun 
in  England  is  only  another  move  in  the  great  contest  between  guns 
and  iron-clads ;  for  the  hurling  of  a  rifle-shot  of  1,250  pounds,  with  a 
velocity  of  1,550  feet  per  second,  cannot  be  considered  the  extreme  limit 
to  the  development  of  artillery-power ;  and  yet,  for  the  want  of  the  neces- 
sary appropriations,  this  country  is  forced  to  depend  on  a  smooth-bore 
system  and  a  few  small  rifles  carrying  shot, of  180  and  250  pounds 
weight,  which  cannot  possibly  fulfill  the  important  and  ever- varying  con- 
ditions of  modern  warfare.  We  are  even  now  dependent  for  much  of 
our  information  in  these  matters,  so  vital  to  the  national  defense,  on  the 
results  of  experiments  abroad,  at  a  time,  too,  when,  had  we  the  means, 
as  we  have  the  skill  and  ability,  we  could  undoubtedly  keep  up  success- 
fully with  the  advances  made  by  other  nations.  Rifle-guns  of  size,  en- 
darance,  and  power  to  enable  us  to  meet  on  fair  and  equal  terms  a  for- 
eign foe  must  be  provided  while  we  have  the  time,  and  it  is  certainly 
not  the  part  of  wisdom  to  delay  making  such  provision  until  the  enemy 
invades  our  shores. 

TESTING  STEEL. 

In  order  to  secure  the  proper  quality  of  material  for  the  manufacture 
of  the  Woodbridge  experimental- gun,  experiments  on  the  mechanical 
properties  of  steel,  produced  from  various  materials  and  by  different  pro- 
cesses, writh  reference  to  its  employment  in  the  construction  of  cannon  on 
that  system,  had  to  be  undertaken.  The  report  of  Dr.  W.  E.  Wood- 
bridge  of  the  tests  made  by  him,  under  tbe  orders  of  this  Department,  is 
herewith  transmitted,  (marked  "  Appendix  P.") 

INFRINGEMENT  OF  PATENTS, 

I  have  the  honor  again  to  advert  to  the  subject  of  patent-claims  set  up 
against  this  Department  for  alleged  infringements  in  the  productions  at 
the  National  Armory  and  at  the  several  arsenals  of  construction.  The 
Chief  of  Ordnance,  in  his  report  for  the  year  1873,  gave  a  succinct  state- 
ment of  the  state  of  those  claims  at  that  time.  The  claims  on  the  Spring- 
field rifle  date  back  to  the  order  of  the  Secretary  of  War  of  July  28, 1866, 
tor  the  conversion  of  50,000  muzzle-loaders  to  breech-loading  arms.  The 
skill  and  ingenuity  of  the  officers  and  workmen  of  the  Ordnance  Depart- 
ment, brought  into  active  operation  previous  to  that  time  and  continued 
to  the  present,  has  resulted  in  the  production  of  as  perfect  a  single 
breech-loading  arm  as  will  find  its  place  in  modern  war.  Its  mechanism, 
it  is  claimed,  has  touched  upon  and  appropriated  in  part  the  best 
features  of  several  distinct  and  separate  patents,  some  of  which  were 
perfected  and  re-issued  after  the  work  of  the  Government  had  begun, 
and  whose  owners  are  now  seeking  compensation  for  the  use. 

The  consideration  of  a  patent-case  involves  a  careful  weighing  of  many 
matters  of  fact  relating  to  novelty,  priority,  &c.,  as  well  as  an  apprecia- 
tion of  equivalents  and  dissimilarities  in  mechanical  structures  and  con- 
trivances, and  the  proper  application  of  the  principles  of  patent-law  to 
facts  thus  found.  Where  a  device  stands  boldly  out  as  the  original  type 
of  its  class,  and  the  many  questions  of  a  character  to  affect  the  validity 
of  the  patent  are  in  such  a  case  reasonably  free  from  doubt,  it  is  appre- 
hended that  it  would  require  but  ordinary  patent-expert  skill  to  settle 
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with  certainty  tbe  merits  of  any  question  of  infringment  that  might  be 
raised ;  but  where  several  claimants  profess  to  cover  by  their  patents  the 
same  identical  device  or  combination,  a  proper  regard  to  the  several 
interests  involved  renders  the  matter  more  difficult  of  determination. 
An  impartial  settlement  requires,  in  most  cases,  the  assistance  of  the 
highest  degree  of  expert  skill  and  the  exercise  of  the  highest  order  of 
legal  talent  in  the  specialty  of  patent-law.  The  law  prescribes  a  judi- 
cial method  of  settlement  where  private  parties  only  are  concerned,  but 
the  means  of  deciding  properly  between  contending  patentees  and 
determ'iuing  the  amount  of  damages  sustained  by  them,  or  any  of  them, 
where  the  Army  worksWoifs  are  concerned,  are  not  vested  in  any  por- 
tion of  this  Department ,  nor,  indeed,  as  respects  cases  wherein  the 
United  States  are  properly  the  defendants,  are  they  known  to  be  vested 
in  any  Department  of  the  Government  at  the  present  time. 

The  methods  adopted  by  some  of  the  claimants  of  instituting  suits  in 
the  United  States  circuit  courts  aganist  officers  of  this  Department  for 
the  alleged  infringements  is  onerous  to  the  officers  themselves,  and  can 
only  result,  in  the  event  of  the.  success  of  the  suits,  in  embarrassing 
such  officers  in  their  private  means,  whereas  the  Government  is  the  sole 
beneficiary  in  the  use  of  the  things  which  are  tbe  subject-matters  of  lit- 
igation*. A  recent  opinion  of  the  Attorney-General  has  inferentially 
decided  that  the  executive  officers  of  the  Government  are  not  author- 
ized to  settle  the  judgments,  for  past  use,  rendered  in  such  suits,  without 
authority  of  Congress  to  do  so.  This  opinion  has  been  the  guide  of  this 
Bureau  since  that  time.  The  officers,  therefore,  against  whom  judg- 
ments might  be  rendered  would  be  put  to  the  harassing  necessity  of 
securing  special  legislation  for  their  relief  in  respect  to  matters  over 
which  they  have  had  little  or  no  power  or  control. 

The  indemnity  due  to  public  officers  who  have  acted  in  pursuauce  of 
competent  authority  in  theperformanceof  their  public  duty,  or  who  have 
in  good  faith  exercised  the  discretion  vested  in  them  by  law,  is  secured 
to  a  certain  class  of  Government  officials  by  general  legislation.  Col- 
lectors and  other  officers  of  the  revenue  are  thus  secured  by  section  989, 
Bevised  Statutes.  It  is  therein  enacted,  that  when  a  recovery  is  had  in 
any  suit  or  proceeding  against  such  officer  for  any  act  done  by  him,  in 
the  performance  of  his  official  duty,  and  the  court  certifies  that  there 
was  probable  cause  for  the  act  done  by  him,  or  that  he  acted  under  the 
direction  of  the  Secretary  of  his  Department,  or  othef  proper  officer  of 
the  Government,  no  execution  shall  issue  against  him,  but  the  amount 
so  recovered  shall,  upon  final  judgment,  be  provided  for  and  paid  out 
of  the  proper  appropriation  from  the  Treasury.  Legislation  similar  to 
the  foregoing^  in  favor  of  the  officers  of  this  Department  against  whom 
recoveries  may  be  had  for  infringement  of  patents  in  the  productions  of 
tbe  armory  and  arsenals,  would  be  a  practicable  method  of  relieving 
this  Bureau  of  a  present  embarrassment. 

It  is  believed,  however,  that,  where  several  patents  are  alleged  to 
cover  a  single  complex  device,  each  of  these  patents  should  be  brought 
under  the  adjudication  of  a  common  tribunal,  where  the  combined  wis- 
dom and  experience  necessary  to  the  disposal  of  the  whole  number  of 
cases  could  be  brought  to  bear  on  each  panicular  one  in  detail.  If  suits 
on  such  a  device  are  brought  by  the  several  patentees  in  widely-sepa- 
rated jurisdictions,  there  is  great  liability  of  undue  compensation  being 
awarded  to  one  patentee  and  inadequate  remuneration  to  another,  when 
the  relative  importance  of  the  several  patents  is  thereafter  taken  into 
account.  It  is,  therefore,  a  question  in  tlie  interest  of  the  patentees 
themselves,  as  well  as  of  public  economy,  whether  some  particular  forum 
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should  not  be  named  wherein  claims  of  the  character  here  referred  to 
should  be  exclusively  brought.  The  Court  of  Claims  has  denied  its 
jurisdiction  in  cases  of  infringement  of  patent-rights  by  the  Govern- 
ment, because  such  claims  are  held  to  sound  in  tor4j  and  because  the 
jurisdiction  of  the  circuit  courts  is  by  law  made  exclusive  in  cases  of 
patents.  (See  Pitcher*s  case,  and  Nock's  case,  1  C.  C.  Repts.,  pp.  7  and 
83.)  Were  it  not,  therefore,  for  these  limitations  upon  the  jurisdiction 
of  the  Court  of  Claims,  this  Department  might  readily  refer  all  cases  of 
alleged  infringement  for  the  decision  of  that  tribunal  under  section  1063 
of  the  Bevised  Statutes.  Claimants  before  this  Bureau  for  past  use  are 
now,  however,  without  a  remedy,  except  by  personal  actions  against  the 
officers  of  the  Ordnance  Department,  (who  have  been  and  are  acting 
under  superior  authority,)  or  by  a  direct  application  to  Congress.  As 
indicating  the  direction  heretofore  given  by  Congress  to  a  complicated 
patent-case  arising  out  of  this  Bureau,  in  order  to  secure  for  it  the  care- 
ful legal  investigation  which  its  importance  demanded,  attention  is 
respectfully  invited  to  the  joint  resolution  of  June  3, 1864,  (13  S.  L.,  p. 
588,)  referring  the  claim  of  William  W.  Hubbell  to  the  Court  of  Claims. 
This  claim  was  founded  upon  the  use  by  the  Government,  to  a  very 
large  extent,  of  devices  covered  by  the  patents  of  the  claimant^  and  the 
court  was  directed  to  investigate  and  determine  whether  the  claimant 
was  the  original  inventor  of  the  particular  devices  in  question,  and  if  he 
had  a  just  and  equitable  right  to  compensation  for  the  same ;  if  so,  what 
amount  of  compensation  he  was  entitled  to  receive  for  the  use  of  the 
inventions  up  to  the  time  of  adjudication,  and  for  a  full  and  entire  trans- 
fer of  his  patents  to  the  United  States.  This  case,  therefore,  furnishes 
a  precedent  for  the  method  of  settling  this  class  of  cases;  and,  coupled 
with  the  advantages  to  accrue  from  the  adjudication  in  a  single  tribunal 
of  all  patents  where  the  United  States  is  defendant,  I  would  respect- 
fully submit  it  to  the  wisdom  of  Congress  whether  jurisdiction  ought  not 
to  he  given  to  the  Court  of  Claims  in  all  cases  of  the  character  here  explained 
where  the  United  States  is  defendant.  I  earnestly  recommend  that  some 
action  may  be  taken  at  the  coming  session  on  this  subject,  which  has 
engaged  the  attention  of  this  Bureau  for  so  long  a  time. 

I  have  the  honor  to  submit  the  following  papers  in  addition  to  those 
heretofore  mentioned : 

Appendix  O. — Statement  of  principal  articles  procured  by  purchase 
and  fabrication  at  the  arsenals  during  the  year  ended  June  30, 1875. 

Appendix  H, — Statement  of  ordnance,  ordnance-stores,  &c.,  issued  to 
the  Kegular  Army  and  to  posts  during  the  year  ended  June  30, 1875. 

Appendix  1, — Apportionment  of  arms  for  the  fiscal  year  ended  June 
30, 1875,  under  the  law  of  1808,  for  arming  and  equipping  the  militia,  as 
amended  by  the  seventh  section  of  the  act  approved  March  3, 1855,  and 
regulations  established  in  conformity  therewith. 

Appendix  K, — Statement  of  ordnance,  ordnance-stores,  &c.,  distrib- 
uted to  the  militia  from  July  1, 1874,  to  June  30, 1875,  under  the  law  of 
1808,  as  amended  by  the  seventh  section  of  the  act  approved  March  3, 
1855. 

Appendix  L, — Statement  of  ordnance,  ordnance-stores,  &c.,  distrib- 
uted to  colleges  from  July  1,  1874,  to  June  30,  1875,  under  the  joint 
resolution  of  May  4, 1870. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BEN13T, 
Br  ifjadier- General,  Chief  of  Ordnance,  U.  S.  A. 

The  Hon.  the  Secuetary  of  War. 
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Appendix  A. 

United  States  Ordnance  Agency, 

Keic  York  City^  June  1,  1875. 

Proceedings  of  a  board  of  ordnance  officers  convened  in  pnrsaance 
of  the  following  order,  to  wit : 

[Special  Orders,  No.  97.] 

War  Departmei^t,  Adjutant  General's  Office, 

\yaihington^  May  22^  1875. 

[extract.] 

3.  In  pursuance  of  the  act  entitled  *^Au  act  making  appropriations 
for  sundry  civil  expenses  of  tbe  Government  for  the  fiscal  year  ending 
June  30,1876,  and  for  other  purposes,"  approved  March  3, 1875,  pub- 
lished in  General  Orders,  Ko.  24,  March  10, 1875,  from  this  Office,  a 
board  of  ordnance  officers,  to  consist  of  Lieut.  Col.  Silas  Crispin,  Maj. 
T.  J.  Treadwell,  Maj.  T.  G.  Baylor,  is  appointed  to  meet  in  New  York 
City,  on  the  1st  day  of  June,  1875,  or  as  soon  thereafter  as  practicable, 
to  visit  and  examine  into  tbe  condition  of  the  United  States  arsenals 
east  of  the  Mississippi  River,  and  to  report  how  many  of  the  same  can 
be  sold  without  interfering  with  the  necessities  of  the  military  service, 
together  with  an  estimate  of  the  amount  that  can  probably  be  realized 
from  the  sale  of  the  same. 

Tbe  visits  will  be  made  at  such  times  as  can  be  done  without  inter- 
fering with  other  duties. 

Tlie  board  will  make  their  report  to  the  Chief  of. Ordnance  on  or 
before  October  1  next. 

The  junior  member  of  the  board  will  act  as  recorder. 

The  following  is  the  paragraph  of  the  act  of  Congress  above  referred 
to: 

**And  the  Secretary  of  War  is  hereby  directed  to  cause  an  examina- 
tion to  be  made  into  the  condition  of  the  United  States  arsenals  ea<st  of 
the  Mississippi  Biver,  and  report  to  the  next  Congress  how  many  of  the 
same  can  be  sold  without  interfering  with  the  necessities  of  the  military 
service,  together  with  an  estimate  of  the  amount  that  can  probably  be 
realized  from  the  sale  of  each  of  the  same  whenever  such  sale  shall  be 
directed  by  Congress." 

Bv  order  of  the  Secretary  of  War : 

E.  D.  TOWNSEND, 

Adjutant  Oeneral, 
Official : 

L.  H.  Pelouze, 

Assistant  Adjutant  General. 


The  board  met  pursuant  to  the  above  order,  all  the  members  present. 

The  members  of  the  board  being  all  members  of  the  board  on  ^^ex- 
perimental guns,"  &c.,  and  it  having  been  represented  to  the  board  that 
there  "was  imiK)rtantand  urgent  business  to  be  considered  by  the  latter 
board,  it  adjourned  subject  to  the  call  of  the  president. 
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United  States  Ordnance  Agency, 

Neio  ¥ork  City^  June  12, 1875. 

The  board  met  in  parsiiance  of  tbe  call  of  the  president. 

The  board,  after  discussing  the  order  in  which  it  would  visit  the  vari- 
ous arsenals  east  of  the  Mississippi  lliver,  adjourned  to  meet  at  Fort 
Monroe  Arsenal,  Va.,  under  the  order  of  the  president. 


Fort  Mqnroe  Arsenal,  Va., 

June  20, 1875. 

The  board  met  at  tliis  arsenal  pursuant  to  adjournment. 

A  memorial  from  the  citizens  of  Rome,  Ga.,  to  the  honorable  Secre- 
tary bf  War,  setting  forth  its  advantages  as  a  site  for  an  arsenal  in  the 
South,  was  received  from  the  Chief  of  Ordnance,  with  an  indorsement 
directing  the  board  to  proceed  to  Home,  6a.,  and  make  a  report  on  the 
subject. 

The  board,  after  inspecting  the  arsenal  grounds  and  buildings  at  Fort 
Monroe,  Va.,  adjourned  to  meet  at  Augusta,  Ga.;  June  23. 


Augusta,  Ga.,  June  23, 1875. 

The  board  met  at  this  place,  pursuant  tD adjournment,  and  proceeded 
to  inspect  the  grounds  and  buildings  of  the  United  States  arsenal,  sit- 
uated some  three  miles  from  the  city. 

A  letter  was  then  addressed  to  the  commanding  officer,  asking  if  there 
was  any  change  in  the  value  of  lands  and  buildings,  or  in  the  rail  and 
water  communications  at  this  arsenal  since  the  report  of  that  officer 
made  to  the  board  on  arsenals  in  187^4. 

The  board  then  adjourned  to  meet  at  Rome,  Ga.,  June  25,  1875. 


Home,  Ga.,  June  25, 1875. 

The  board  met  at  this  place  pursuant  to  adjournment. 

The  board  called  upon  the  mayor,  (Judge  Spinlock,)  who  kindly  offered 
his  services  to  show  the  city  and  its  environs;  and  under  his  guidance 
the  board  examined  the  manufacturing  operations  and  rail  and  water 
communications  of  the  city,  in  regard  to  its  suitableness  for  a  site  for 
an  arsenal. 

The  board  then  adjourned,  subject  to  the  call  of  the  president ;  and 
the  members  rejoined  their  stations,  under  the  order  of  the  president. 


United  States  Ordnance  Agency, 

New  Yorky  August  18, 1875. 

The  board  met  pursuant  to  the  call  of  the  president.  All  the  mem- 
bers present. 

The  board,  after  some  discussion  upon  the  routes  to  be  taken  and  the 
order  in  which  they  would  visit  the  arsenals  to  be  inspected  under  their 
orders,  determiued  first  upon  proceeding  to  Watervliet  Arsenal,  N.  Y., 
and  addressed  a  letter  to  the  commanding  officer,  notifying  him  of  this 
purpose. 

At  3  p.  m.,  the  board  adjourned  to  meet  at  Watervliet  Arsenal,  N.  Y., 
on  the  19th  instant. 
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Watervliet  Arsenal, 
West  Troyy  N.  Y.,  August  19, 1875. 

The  board  met  at  this  arsenal  pursuant  to  adjournment.  Present,  all 
the  members. 

The  board,  after  inspecting  the  shops,  buildings,  &c.,  addressed  a  let- 
ter to  the  commanding  officer. 

At  4  p.  m.,  the  board  adjourned  to  meet  at  Springfield  Armory,  Massa- 
chusetts, August  23,  1875. 


Springfield,  Mass.,  August  23, 1875. 

The  board  met  pursuant  to  adjournment.     All  the  members  present. 

A  letter  was  addressed  to  the  commanding  otdcer  of  Springfield 
Armory,  Massachusetts,  notifying  him  of  the  contemplated  visit  of  the 
board  on  the  24th  instant. 

The  board  then  adjourned  until  10  a.  m.,  of  the  24:th  instant. 


Springfield,  Mass.,  August  24, 1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  board  proceeded  to  the  «irmory,  and  after  making  the  necessary 
inspections,  adjourned  to  meet  in  Boston,  Mass.,  August  25, 1875,  for 
the  purpose  of  inspecting  Watertovvn  Arsenal,  Massachusetts,  a  letter 
having  been  addressed  to  the  commanding  officer  of  that  arsenal  advis- 
ing him  of  this  visit. 


Boston,  Mass.,  Aug^ist  25, 1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  board  proceeded  to  Watertown  Arsenal,  and  after  making  the 
necessary  inspections  and  addressing  a  letter  to  the  commanding  officer, 
adjourned  to  meet  in  Augusta,  Me.,  August  27,  to  examine  into  the  con- 
dition of  the  arsenal  at  that  place.  A  telegram  was  sent  to  the  com- 
manding officer,  advising  him  of  this  visit. 


Augusta,  Me.,  August  27, 1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 
The  board  then  visited  the  arsenal  and  made  an  inspection  of  the 
grounds  and  buildings,  and  addressed  a  letter  to  the  commanding  officer. 
The  board  then  adjourned,  subject  to  the  call  of  the  president. 


Washington,  D.  C,  September  8, 1875. 

The  board  met  at  this  place,  pursuant  to  the  call  of  the  president. 
All  the  members  present. 

The  board  proceeded  to  Washington  Arsenal,  and  after  the  usual 
examination,  addressed  a  letter  to  the  commanding  officer  in  regard  to 
improvements  and  the  value  of  lands  and  buildings. 

The  board  then  adjourned  to  meet  in  Baltimore,  Md.,  September  10, 
for  the  purpose  of  visiting  the  Pikesville  Arsenal. 

2  o 
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Baltimore,  Md.,  September  10, 1876. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  Pikesville  Arsenal  was  then  visited  and  examined,  after  which 
the  board  adjourned  to  meet  at  Frankford  Arsenal,  Philadelphia,  Pa., 
September  11,  1875. 


Frankford  Arsenal, 
Philadelphia^  Pa.,  September  11, 1876. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  grounds  and  buildings  at  the  arsenal  were  examined,  and  a  letter 
addressed  to  the  commanding  officer  on  the  subject  of  improvements  and 
the  value  of  the  lauds  and  buildings. 

The  board  then  adjourned  to  meet  in  New  York  City,  September  14, 
1875. 


United  States  Ordnance  Agency, 

New  YorJCy  September  14, 1876. 

The  board  met  pursuant  to  adjournment.    All  the  members  present* 

The  board  considered  the  question  of  the  proper  disposition  of  the 

different  arsenals  visited  by  them,  and  at  3  p.  m.,  adjourned  to  meet  at 

the  United  States  Ordnance  Agency,  New  York,  September  15,  at 

10  a.  m. 


United  States  Ordnance  Agency, 

Neic  Ybr/c,  September  15,  1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  board,  after  some  further  discussion,  decided  to  continue  its  ex- 
amination of  the  remainder  of  the  arsenals  east  of  the  Mississippi  River, 
and  for  this  purpose,  at  3  p.  m.,  adjourned  to  meet  at  Pittsburgh,  Pa., 
on  the  16th  instant,  to  inspect  the  Allegheny  Arsenal. 


Allegheny  Arsenal, 
Pittsbtirgh,  Pa.,  September  16,  1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  board  proceeded  to  visit  the  arsenal,  and  after  its  examination  a 
letter  was  addressed  to  the  commanding  officer. 

The  board  then  adjourned  to  meet  at  Indianapolis,  Ind.,  September 
18,  to  examine  into  the  condition  of  the  arsenal  at  that  place. 


Indianapolis,  Ind.,  September  18, 1876. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  Indianapolis  Arsenal  was  visited  by  the  board  and  a  letter  ad- 
dressed to  the  commanding  officer. 

The  board  then  adjourned  to  meet  at  the  United  States  Ordnance 
Agency,  New  York  City,  September  22, 1875. 
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United  States  Ordnance  Agency, 

Xew  YorlCj  September  22,  1875. 

The  board  met  parsnaut  to  adjournment.    All  the  members  present. 

Letters  from  the  commAuding  officers  of  the  following  arsenals,  viz: 
Angusta,  Watervliet,  Watertown,  Kennebec,  Washington,  Frankford, 
Allegheny,  and  Indianapolis,  in  answer  to  letters  of  board  on  the  sub- 
ject of  improvements  and  valuation  of  lands  and  buildings  which  had 
been  received  from  time  to  time  during  the  absence  of  the  board,  were 
read  and  filed. 

A  letter  from  Lieut.  Col.  S.  Crispin,  submitting  the  report  of  the 
board  on  arsenals  of  1874,  was  received,  read,  and  tiled. 

The  report  of  that  board  is  appended. 

The  condition  of  the  New  York  Arsenal  with  regard  to  its  facilities 
for  storage  and  for  supply  of  the  Atlantic  seaboard  was  then  examined 
into. 

The  board  then  commenced  the  preparation  of  its  report,  and  at  4  p.  m., 
adjourned  to  nieet  at  the  United  States  Ordnance  Agency,  !N^ew  York, 
at  10  a.  m.,  September  23, 1875. 


United  States  Ordnance  Agency, 

New  York,  September  23, 1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 

The  board  continued  the  preparation  of  its  report,  and  at  4  p.  m.,  ad- 
journed to  meet  at  the  United  States  Ordnance  Agency,  September  24, 
at  10  a.  m. 


United  States  Ordnance  Agency,   * 

New  York,  September  24,  1875. 

The  board  met  pursuant  to  adjournment.    All  the  members  present. 
The  board  concluded  its  report,  and,  having  no  further  business  before 
it,  adjourned  sine  die. 


Opinians  and  recommeadatiom  of  the  board. 

The  board  finds,  from  an  examination  of  the  records  before  it,  that  an 
exhaustive  and  comprehensive  study  of  our  present  arsenal  system,  its 
facilities  and  its  requirements,  was  made  by  the  board  on  arsenals,  con- 
vened under  order  of  the  Department,  dated  November  12, 1873,  for  the 
purpose  of  reporting  "  on  the  best  method  of  concentrating  the  manu- 
facturing operations  of  this  Department  east  of  the  Mississippi  River, 
either  by  the  establishment  of  a  grand  arsenal  on  the  Atlantic  seaboard, 
or  the  enlargement  of,  and  concentration  of  work  in,  one  or  more  of  our 
arsenals,  discontinuing  the  remainder  of  the  arsenals,  or  retaining  one 
or  more  as  mere  places  of  deposit."  That  report  embodies  the  following 
plan : 

"Plan  1. 

'*  The  Ordnance  Department,  for  nearly  the  last  thirty  years,  in  the  per. 
formance  of  the  various  duties  intrusted  to  it  by  law,  under  the  Secretary 
of  War,  in  the  manufacture  and  procurementof  all  ordnance  and  ordnance 
stores  for  armies  called  into  the  field  at  different  times  during  this  period, 
also  in  the  providing  of  warlike  stores  for  the  prospective  wants  of  future 
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armies,  the  armaments  and  material  for  sea-coast  defenses,  the  material 
for  arming  and  equipping  militia,  and  the  performance  of  the  important 
experimental  duties  intrusted  to  its  care,  has  experienced  during  this 
period  more  or  less  serious  embarrassment,  not  only  from  the  inadequacy 
of  existing  facilities  at  the  present  arsenals  of  construction,  but  from 
their  locations  and  limited  resources,  necessitating  the  conduction  of 
the  manufacturing  operations  at  different  points,  widely  separated,  and 
being  more  or  less  objectionable  on  account  of  transportation,  procure- 
ment of  labor  and  material,  and  at  the  loss  of  the  evident  economy  of  a 
judicious  concentration  of  ordnance  manufactures. 

"  Our  present  arsenals  of  construction,  located  between  the  Mississippi 
River  and  Atlantic  Ocean,  are  widely  scattered  from  Maine  to  Georgia. 
This  policy  of  location  was  necessary  at  the  time  of  their  establishment, 
when  but  few,  if  any,  railroad  means  of  transit  existed  in  our  country, 
and  when  it  was  important,  from  this  cause,  that  equipment  of  troops 
should  be  made  at  or  near  the  localities  where  raised. 

"  But  at  the  present  day,  when  our  elaborate  and  perfected  railroad 
and  telegraph  systems  of  communication  have  rendered  the  question  of 
distance  one  of  but  secondary  importance,  we  can  now  take  advantage 
of  these  improvements,  and  subserve  the  true  interests  of  economy,  per- 
fect our  products,  and  attain  the  other  manifest  advantages  of  a  policy 
of  centralization  by  a  concentration  at  one  grand  arsenal  of  the  most 
important  manufacturing  operations  of  the  Department. 

*^The  great  importance  of  carrying  out  this  policy  at  a  '  grand  arse- 
nal on  the  Atlantic  seaboard '  has  been  fully  recognized  and  urged  iu 
the  report  of  the  Chief  of  Ordnance,  of  December  3,  1862,  and  repeat- 
edly pressed  upon  the  notice  of  the  War  Department,  and  the  action  of 
Congress  earnestly  recommended  in  the  subsequent  annual  reports  of 
this  Office  from  1869  to  1873. 

"The  first  consideration  in  the  location  of  an  arsenal  of  construction, 
to  effect  these  ends  is,  evidently,  that  it  should  occupy  a  comparatively 
central  geographical  position  with  respect  to  the  Atlantic  seaboard,  and 
have  at  command  the  facilities  of  one  of  our  great  commercial  centers. 

'*The  pre  eminence  of  the  city  of  ]Sew  York,  in  its  gigantic  means  for 
transit  and  for  prompt  distribution  of  all  warlike  stores  to  all  points  of 
the  United  States,  its  unsurpassed  resources  in  labor  and  material,  and 
its  advantages  in  a  geographical  point  of  view  over  any  city  on  our 
coast  as  a  distributing-point,  renders  the  location  of  an  arsenal-site  in 
its  vicinity,  if  practicable,  of  the  greatest  importance;  and  accordingly 
the  board  has  directed  its  examination,  particularly  to  this  section  of 
the  country. 

"A  consideration  and  examination  of  the  surroundings  of  New  York 
point  conclusively  to  the  immediate  north  of  Newark,  N.  J.,  as  the  sec- 
tion of  country  possessing  the  best  advantages,  and  as  being  most 
eligible  and  desirable  for  locating  the  proposed  arsenal. 

'*The  land  here,  bordering  on  the  Passaic  River,  rises  from  the  level 
of  the  river  to  a  height  of  over  100  feet,  and  then  gradually  slopes  east- 
ward to  the  meadow-lands  bordering  on  the  Hackensack. 

'*  The  character  of  the  ground  gives  it  jiatural  features  of  defense, 
and  this,  added  to  its  location  (see  Map  1)  with  respect  to  important 
works  of  defense  of  New  York  Harbor,  and  its  freedom  from  the  possi- 
bility of  naval  attack,  are  considerations  of  the  highest  importance. 

"  The  diverging  main  lines  of  railroad  from  Jersey  City  and  Hoboken, 
at  present  eleven  in  number,  bring  this  site  in  close  and  rapid  commu- 
nication with  New  York  and  the  country  at  large,  and  the  water-facilities 
of   tbe  Passaic  and  Hackensack  are  available  for  transporttition  of 
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supplies  to  <iri(l  from  the  harbor  of  the  coinmercial  metropolis  of  our 
coon  try. 

<<A  Hpecinl  site  on  this  ground  has  been  selected  aqd  surveyed  (see 
report  of  Mr.  H.  N.  Babcock,  marked  L")  and  is  represented  in  detail  on 
map  marked  2. 

"  Its  location  with  respect  to  New  York  City,  Newark,  and  the  sur- 
rounding country,  also  with  respect  to  railroad  and  water  means  of 
transit  with  New  York,  is  shown  by  the  accompanying  map,  marked  3. 

''It  will  be  seen  (Map  3)  that  this  site  is  distant  about  ♦  ♦  from 
New  York,  and  about  three  miles  from  the  suburbs  of  Newark.  It  has 
a  frontage  on  the  Passaic  of  ♦  *  •  ♦  *  ,  and  extending 
eastward,  as  it  does,  from  the  Passaic  River  to  the  Qackensack  meadows^ 
it  thus  has  access  to  both  rivers. 

"A  short  line  of  railroad  •  •  •  will  connect  the  site  with  the 
railroad  system  of  the  country,  and  at  a  slight  cost  of  construction, 
owing  to  the  level  character  of  the  adjacent  lands. 

''A  suitable  proof-ground  for  ordnance  adjoining  the  arsenal-sit«  is 
shown  on  Map  3,  and  marked  (P.  6.)  •  •  ♦  It  would  constitute 
a  valuable  adjunct  to  the  arsenal,  and  it  is  recommended  that  it  be  se- 
cured if  the  site  for  the  latter  be  approved  and  purchased. 

'^  The  above-recommended  purchases  do  not  provide  for  storage-depots 
on  the  waters  of  New  York  Harbor,  to  be  especially  utilized  in  times  of 
war.  Our  recent  past  experience  in  the  rebellion  has  shown  that  such 
facilities  can  be  readily  extemporized  when  needed  from  buildings  and 
wharfages  already  existing  for  ordinary  commercial  purposes  in  New 
York  Harbor,  and  at  a  less  cost  than  would  be  incurred  in  their  perma- 
nent provision  by  the  Government. 

"  It  would  appear,  from  the  above  considerations  and  facts,  that  a 
'grand  arsenal'  of  construction  can  be  located,  at  a  reasonable  and 
moderate  cost,  on  the  Atlantic  coast,  and  at  the  most  desirable  point 
for  the  concentration  of  ordnance  manufactures. 

^^  In  view  of  this  fact,  there  remains  to  be  considered  and  determined 
the  proper  distribution  of  the  duties  of  the  Department,  based  upon  the 
early  establishment  of  this  arsenal,  and  the  proper  disposition  of  such 
arsenals  as  its  erection  will  render  no  longer  needed  for  the  services  of 
the  United  States. 

^'  The  arsenals  and  armories  now  established  east  of  the  Mississippi 
Biver  are  as  follows,  to  wit : 

**  Kenebec  Arsenal,  Augusta,  Me. 

"  Watertown  Arsenal,  Watertown,  Mass. 

*'  Springfield  Armory,  Springfield,  Mass. 

"  Watervliet  Arsenal,  West  Troy,  N.  Y. 

**  New  York  Arsenal,  Governor's  Island,  New  York  Harbor. 

"  Pikesville  Arsenal,  Pikesville,  Md. 

**  Frankford  Arsenal,  Philadelphia,  Pa. 

•*  Washington  Arsenal,  Washington,  D.  C. 

"  Fort  Monroe  Arsenal,  Old  Point  Comfort,  Va. 

^'Augnsta  Arsenal,  Augusta,  Ga. 

'^  Indianapolis  Arsenal,  Indianapolis,  Ind. 

"  Columbus  Arsenal,  Columbus,  Ohio. 

"Allegheny  Arsenal,  Pittsburgh,  Pa. 

^*  Detroit  Arsenal,  Detroit,  Mich. 

'^  The  principal  manufacturing  operations  of  the  Department  are  now 
performed  at  the  following  arsenals,  to  wit :  Watertown,  engaged  in  the 
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production  of  sea-ooast  carriages  and  projectiles  for  heavy  guns ;  Spring- 
field Armory,  with  tlie  manufacture  of  small-arms;  Waterviiet,  in  the 
manufacture  of  leather- work ;  Fraukford  Arsenal,  in  small-arm  ammu- 
nition, and  Fort  Monroe  Arsenal,  in  sea-coast  carriages  and  ou  experi- 
mental duties.  The  remaining  arsenals  in  the  above  list  are  either 
eugaged  in  small  repairs  or  are  simply  storage-depots  for  the  care  and 
preservation,  issue  and  receipt  of  ordnance  and  ordnance-stores.  It  is 
believed  that,  except  small  arms  and  small-arm  ammunition,  the  more 
important  ordnance  and  ordnance  stores,  more  especially  those  for  field 
and  siege  artillery,  and  those  to  be  provided  for  the  use  of  our  sea-coast 
defenses,  such  as  cannon,  heavy  seacoast  carriages,  projectiles,  and 
ammunition,  and  other  stores  and  appliances  for  their  service  and  man- 
euver, also  harness  and  the  more  elaborate  articles  of  leather-work, 
should  all  be  made  at  the  grand  arsenal  of  construction. 

"The  manufacture  of  our  small-arms  and  small-arm  ammunition  for 
our  present  armies  and  militia,  and  for  our  reserve-supply,  is  one  of  the 
greatest  importance,  and  as  the  Springfield  Armory  is  a  model  one  of 
the  world  in  the  perfection  of  its  fabrications,  and  the  extent  and  com- 
pleteness of  its  arrangenients  and  facilities  for  tiie  production  of  this 
class  of  warlike  stores,  the  board  regards  the  retention  of  this  estab- 
lishment as  a  foregone  conclusion,  in  its  proposed  plan  for  concentra- 
tion, for  the  fabrication  of  its  present  specialty,  and  such  other  work  as 
its  facilities  may  accommodate.  Eecogniziug  also  the  almost  imperative 
necessity,  in  order  to  secure  perfection  in  production  in  the  fabrication 
of  small-arms  and  small-arm  ammunition,  that  they  should  be  produced 
side  by  side,  the  board  is  of  the  opinion  that  arrangements  should  be 
made  for  the  transfer  of  the  present  manufacturing  operations  of  small- 
arm  cartridges  at  Frankford  Arsenal  to  the  Sprinfield  Armory  as  early 
as  it  can  be  accomplished  with  economy  and  with  a  due  regard  to  other 
important  public  interests.  The  more  simple  leather-work  fabrications 
of  infantry  and  cavalry  accouterments,  and  perhaps  some  other  kinds, 
all  demanded  in  quantity,  and  requiring  little  but  no  special  appliances 
for  their  manufacture,  can,  it  is  thought,  be  economically  and  judiciously 
made  at  one  of  our  present  arsenals.  The  board  recommends  the  reten- 
tion of  the  Frankford  Arsenal  for  this  purpose.  Its  geographical  posi- 
tion and  its  facilities  of  shops  and  store-houses  and  for  material  and 
labor  of  the  kind  required,  its  means  of  transit,  and  its  close  and  quick 
connection  with  the  proposed  grand  arsenal  at  Newark,  N.  J.,  point 
conclusively  to  its  retention  for  the  purpose  suggested,  and  as  part  of 
the  ])roposed  plan  for  concentration. 

"  It  will  be  seen  that  the  design  contemplated  by  the  board  is  to  con- 
centrate all  the  principal  manufacturing  operations  of  the  Department 
at  the  proposed  grand  arsenal,  the  Springtield  Armory,  and  at  Frank- 
ford Arsenal. 

<^  It  remains  now  to  designate  those  arsenals  which  it  is  proposed  shall 
bejretained  to  meet  the  wants  of  the  country  as  arsenals  for  storage 
and  repair,  and  those  to  be  used  simply  as  depots  for  the  care,  preserva- 
tion, receipt,  and  issue  of  warlike  stores. 

^^A  careful  and  mature  consideration  of  the  question  leads  the  board 
to  recommend  the  retention  of  the  following  arsenals,  to  wit:  Augusta 
and  Fort  Monroe  as  arsenals  of  storage  and  repair,  and  Kennebec,  New 
York,  and  Indianapolis  arsenals  as  depots  for  storage  and  issue.  This 
will  leave  to  be  sold  the  Watertown,  Waterviiet,  Pikesville,  Washing- 
ton, Allegheny,  Columbus,  and  Detroit  arsenals. 

"  The  reasons  for  the  retention  of  the  above  arsenals,  as  recommended 
by  the  board,  are  as  follows,  to  wit: 
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^'Avgtigta  Arsenal, — This  is  the  only  arseual  left  in  the  entire  South, 
east  of  the  Mississippi,  and  the  nearest  constructing  arseual  to  it  in  the 
proposed  plan  will  be  nearly  eight  hundred  miles  distant.  Its  reten- 
tion and  improvement  and  sniticient  enlargement  to  render  it  adequate 
to  supply  the  needs  of  the  Department  in  the  South,  in  the  opinion  of 
the  board,  is  a  matter  of  wisdom,  and  in  fact  a  necessity.  The  proposed 
improvements  and  enlargement  (see  memorandum  letter  of  board  ad- 
dressed to  Captain  Hill,  March  7,  1874,  official  copy  of  which  was  sent 
to  that  officer  March  16, 1874,  and  the  report  of  that  officer  dated  March 
16, 1874)  can  be  secured  at  a  moderate  cost.  Its  present  workshops 
and  buildings  are  in  excellent  condition,  are  sufficiently  large  in  plan  to 
be  utilized  almost  without  cost  in  the  remodeling  of  the  arsenal  as  one 
for  storage  and  repair.  The  location,  inland,  is  one  of  the  best  in  the 
South,  both  geographically  and  in  its  rail  and  water  facilities,  for  the 
reception  and  distribution  of  supplies  for  the  South.  These  and  its 
other  advantages  for  the  purposes  required,  (see  Captain  Hill's  report,) 
and  its  general  healthfulness,  further  confirm  the  board  in  its  opinion  as 
to  the  propriety  and  necessity  of  retention  of  the  Augusta  Arsenal.  Its 
general  plan  and  its  location  with  respect  to  ^^.ugusta  City  is  given  in 
the  accompanying  map  marked  4. 

"  Fat-t  Monroe  Arnenalj  Virginia. — This  arsenal  is  located  on  a  Govern- 
ment reservation,  and  its  connection  with  Fort  Monroe  renders  its  sale 
impossible.  It  is  well  provided  with  shops  and  machinery,  and  is  admi- 
rably situated  geographically  on  the  waters  of  Hampton  Eoads  for  fit- 
ting out  expeditions,  as  was  shown  in  the  late  war. 

*'  The  arsenal  as  it  now  exists,  however,  is  considerably  scattered  over 
the  Government  reservation,  and,  as  a  matter  of  economy  and  efficiency, 
it  is  recommended  by  the  board  that  all  the  arsenal  property  inside  the 
fort,  consisting  of  quarters,  barracks,  and  office,  be  turned  over  to  the 
garrison  of  Fort  Monroe.  The  store-houses  and  other  temporary  build- 
ings should  be  torn  down  and  the  materials  applied,  as  far  as  practica- 
ble, to  the  erection  of  suitable  structures  rendered  necessary  by  this 
action,  outside  the  fort  in  the  vicinity  of  its  shops.  The  necessary  build- 
ings required  to  be  erected  by  this  plan  would  cost  but  little  additional 
to  the  value  of  the  material  obtained  by  the  removal  of  the  store-houses 
and  buildings  inside  the  fort.  The  buildings  inside  the  fort  should  not 
be  abandoned  or  turned  over  until  their  places  are  supplied  by  suitable 
structures  contemplated  to  be  erected  outside  the  fort. 

^^Kennebec  Arsenal, — This  arsenal  is  situated  on  our  northeastern  front- 
ier, bordering  on  Canada,  is  well  located,  has  the  requisite  facilities, 
and  is  deemed  necessary  for  retention  to  supply  the  present  and  pros- 
pective wants  of  that  section  of  our  countrj'. 

"JVeir  York  Arsenal, — This  arsenal,  located  on  the  glacis-slope  of  Fort 
Columbus,  Governor's  Island,  is  not  available  for  sale.  Whilst  incapa- 
ble of  and  having  no  manufacturing  facilities,  yet  it  has  comparatively 
extensive  storage  capacity  and  wharfage,  and  superior  facilities,  from 
it8  location  in  New  York  Harbor,  for  the  distribution  of  supplies,  and 
will  thus  form  a  valuable  adjunct  for  storage  in  connection  with  the  pro- 
posed grand  arseual. 

^^Indianapolis  Arsenal. — ^The  construction  of  a  large  arsenal  on  the 
Atlantic  coast  and  the  disestablishment  of  the  interior  ones — Allegheny 
and  Columbus — will  leave,  it  is  believed,  too  great  an  area  of  country 
between  the  Atlantic  coast  and  the  Kock  Island  arsenal  (the  proposed 
arsenal  and  armory  of  the  valley  of  the  Mississippi)  unprovided  with 
an  ordnance-depot,  and  hence  the  board  recommend  the  retention  of  the 
Indianapolis  arsenal  as  one  for  storage  and  issue  to  meet  the  wants  of 


24  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

the  uorthern-lake  frontier  and  the  central  portion  of  our  country  lying 
to  the  imniediate  west  of  the  Atlantic  States.  Indianapolis  is  a  great 
railroad  center;  its  other  facilities  are  prominent,  and  the  present 
arsenal  at  this  point  has^in  its  substantial  and  capacious  store-houses 
and  other  advantages,  all  that  is  needed  for  the  purpose  required. 

*^  In  order  to  inaugurate  this  general  plan  for  concentration  the  board 
recommend  that  Congress  be  asked  to  make  the  necessary  appropria- 
tions for  the  immediate  purchase  of  the  site  for  the  grand  arsenal  pro- 
posed, and  for  the  erection  of  suitable  buildings  immediately  required 
thereon,  and  to  enact  a  law  authorizing  the  sale  of  the  arsenals  above 
designated. 

"  The  arsenals  that  can  be  soon  prepared  for  disposition  are  Wash- 
ington, Allegheny,  Columbus,  Detroit,  and  Pikesville.  The  following 
arsenals  should  be  disposed  of  at  such  times  as  the  stores  now  manu- 
factured at  them  can  be  provided  for  at  the  grand  arsenal,  viz :  Water- 
town  Arsenal,  Massachusetts,  and  Watervliet  Arsenal,  New  York.  It 
is  apparent  that  no  sales  should  be  made  until  the  Department  is  fully 
prepared  elsewhere  to  replace  the  facilities  lost  by  the  disposal  of  any 
of  our  arsenals. 

^^It  is  evident  that  any  judicious  plan  for  the  disposition  of  even 
those  arsenals  most  available  at  present  for  sale,  under  the  above-pro- 
posed arrangement  of  the  ordnance  facilities  for  the  United  States^ 
would  require  two  or  three  years  for  consummation,  and  hence  the 
necessity  of  appropriations  by  Congress  to  secure  the  site  for  the  con- 
templated '  grand  arsenal,' and  its  preparation  for  buildings ;  the  erec- 
tion of  some,  and  the  making  of  improvements  required  at  its  initiation^ 
cannot  but  be  apparent. 

"  It  should  be  provided  by  law  that  the  net  proceeds  of  all  sales  of 
our  arsenals  should  be  used  in  building  up  the  '  grand  arsenal.'  The 
present  estimated  cost  of  the  arsenal-site  and  adjacent  proof-ground  i» 
$262,275. 

"  To  purchase  this  site  and  to  provide  for  improvements  and  build- 
ings which  should  and  can  be  provided  during  the  first  year,  it  is 
recommended  that  Congress  be  asked  at  its  next  session  for  an  appro- 
priation adequate  to  secure  the  site  and  proof-ground,  and  an  additional 
sum  not  exceeding  $500,000  for  such  improvements  and  structures  as 
the  Department  may  deem  best  and  most  expedient  to  at  first  provide. 

"  The  accompanying  statement,  prepared  from  the  reports  of  the  com- 
manding ofiicers,  appended,  marked  AA,  shows  an  estimated  returu 
from  the  sale  of  those  arsenals  which  can  be  most  readily  prepared 
for  disposition  at  present,  (if  the  proposed  plan  is  adopted,)  in  the  aggre- 
gate of  $2,109,590.56,  and  that  the  proceeds  of  the  two  remaining  ones^ 
Watertown  and  Watervliet,  whose  disposition  must  be  at  least  delayed 
until  they  are  fully  superseded  by  the  proposed  new  arsenal,  will  be 
$1,414,237.  Valuable  machinery  now  on  hand  at  the  arsenals  recom- 
mended to  be  sold  and  dismantled  can  be  utilized  at  the  ^  grand  arsenal.' 
The  grand  aggregate  resulting  from  the  contemplated  sales  will  be 
$3,526,827.56.  This  amount  will  undoubtedly  go  far  toward,  if  not  be 
entirely  adequate  for,  the  full  accomplishment  of  the  contemplated  con- 
centration of  our  ordnance  manufactures  and  facilities,  and  at  a  point 
whose  superior  local,  geographical,  and  other  advantages  seem  to 
demand  centralization ;  and  when  we  consider  the  undoubted  improve- 
ments to  be  attained,  the  ease  with  which  they  can  be  secured,  and  the 
prospectively  small  outlay  required,  it  is  believed  that  sound  judgment 
and   a  wise  economy  will  point  to  the  importance  of  an  early  accom- 
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pILshment  of  this  proposed  diatribation  of  the  duties  of  the  Ordnance 
Department  of  the  United  Stiitea." 

No  material  changes  in  values  of  grounds,  buildings,  or  other  ap- 
pointments of  our  arsenals  have  occurred  since  the  date  of  the  above- 
quoted  report,  and  the  status  remains  the  same,  save  that  the  Columbus 
and  Detroit  arsenals  have  passed  from  the  control  of  the  Department, 
the  former  having  been  turned  over  to  the  recruiting  service,  and  the 
latter  to  the  Department  of  the  Interior.  This  leaves  the  arsenals  and 
armories  east  of  the  Mississippi  as  follows : 

Kennebec  Arsenal,  Augusta,  Me. 

Watertown  Arsenal,  Watertown,  Mass. 

Springfield  Armory,  Springfield,  Mass. 

Water vliet  Arsenal,  West  Troy,  N.  Y. 

New  York  Arsenal,  Governor's  Island,  N.  Y.  H. 

Pikesville  Arsenal,  Pikes ville,  Md. 

Frankford  Arsenal,  Philadelphia,  Pa. 

Washington  Arsenal,  Washington,  D.  0. 

Fort  Monroe  Arsenal,  Old  Point  Comfort,  Va. 

Augusta  Arsenal,  Augusta,  Ga. 

Indianapolis  Arsenal,  Indianapolis,  Ind. 

Allegheny  Arsenal,  Pittsburgh,  Pa. 

The  present  absolute  needs  of  the  service  demand,  in  the  judgment  of 
the  board,  all  the  manufacturing  facilities  of  the  Springfield  armory, 
Frankford,  Watervliet,  Watertown,  aE^cl  Fort  Monroe  arsenals,  for  the 
production  of  warlike  stores,  and  the  remaining  ones,  Kennebec,  New 
York,  Washington,  Augusta,  Indianapolis,  and  Allegheny,  are  required 
for  their  present  uses,  to  wit,  care  and  preservation,  issue  and  receipt, 
and  repair  of  ordnance  and  ordnance  stores. 

It  will  be  seen  that  but  one  arsenal  (Pikesville)  remains  as  not  neces- 
sary for  the  wants  of  the  Department.  Its  estimated  value  is  $46,635. 
It  should  be  sold. 

The  board,  from  the  above,  therefore  deems  the  retention  of  all  our 
arsenals  east  of  the  Mississippi,  except  Pikesville,  as  essential  for  the 
necessities  and  proper  service  of  the  Ordnance  Department,  and 
strongly  recommends  that  no  other  arsenal  be  disposed  of  by  sale  or 
otherwise,  unless  it  becomes  feasible,  by  congressional  legislation,  to 
carry  out  the  plan  of  concentration  in  the  manner  proposed  by  plan  No. 
1,  of  the  report  of  the  Board  on  Arsenals  of  1874.  In  concluding  this 
report,  the  board,  concurring  to  the  fullest  extent  in  plan  No.  1  of  the 
report  of  the  Board  on  Arsenals  of  1874,  would  earnestly  urge  on  the 
Department  the  wisdom  and  economy  of  the  concentration  of  ordnance 
manufactures  and  other  facilities  as  proposed  by  that  plan,  and  recom- 
mends its  favorable  indorsement  by  the  proper  authorities  for  congres- 
sional action. 

Opinions  and  recommendations  of  the  board. 

Bome,  Ga.,  as  a  proposed  site  for  a  United  States  arsenal  for  the 
South : 

The  geographical  position  of  the  mountainous  region  of  Northwest- 
ern Georgia,  the  general  healthfulness  of  this  part  of  the  South,  and  its 
great  natural  advantages  in  mineral  wealth  and  agricultural  resources, 
render  this  section  of  our  country  prominent  for  the  location  of  sites  for 
manufacturing  purposes,  especially  those  devoted  to  such  fabrications 
as  are  needed  for  ordnance  uses. 
.  Bome,  well  located  at  the  confluence  of  Oostanaula  and  Etowah, 
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forming  the  Coosa  branch  of  the  Alabama,  has  a  well-developed  rail- 
road system  connecting  it  with  the  great  trunk  roads  of  the  United 
States,  and  by  the  contemplated  improvements  of  its  watercourses,  caa 
be  connected  by  this  mode  of  transit  with  the  Gulf  of  Mexico.  The 
resources  of  the  immediate  surrounding  country  in  iron-ores,  and  the 
means  of  its  reduction  into  charcoal  pig,  its  agricultural  and  mana- 
iacturing  advantages,  its  availability  in  sites  for  workshops  and  other 
essential  features  for  an  industrial  establishment,  are  additional  elements 
in  its  favor. 

While,  however,  acknowledging  its  merits  in  the  above  regards,  yet 
its  geographical  position  and  rail  and  water  communications  (prime  and 
essential  features  in  location)  are,  in  the  opinion  of  the  board,  inferior 
to  those  of  the  Augusta  Arsenal,  Ga.  The  latter  being  already  located 
and  provided  with  suitable  buildings,  has  all  the  prime  requisites  for  a 
southern  arsenal  for  storage  and  repairs,  and  the  board  cannot,  there- 
fore, favorably  recommend  at  this  present  juncture  its  abandonment 
and  the  provision  of  a  new  arsenal  at  Eome,  Ga. 

S.  CEISPIN, 
Bvt.  CoL  U,  S.  A,,  Lieut  Col.  Ordnance^  President  of  the  Board. 

T.  J.  TREAD  WELL, 

Major  of  Ordnance. 
T.  G.  BAYLOR, 
Major  of  OrdnancCj  Recorder. 


Opinions  and  recommendations  of  the  hoard  of  officers  convened  by  orders  of 

the  Chief  of  Ordnance^  dated  November  12,  1873. 


'*0n  the  best  method  of  concentrating  the  manufacturing  operations 
of  this  Department  east  of  the  Mississippi  River,  either  by  the  estab- 
lishment of  a  grand  arsenal  on  the  Atlantic  seaboard  or  the  enlargement 
of,  and  concentration  of  work  in,  one  or  more  of  our  arsenals,  discontin- 
uing the  remainder  of  the  arsenals,  or  retaining  one  or  more  as  mere 
places  of  deposit." 

Plan  1. 

**The  Ordnance  Department,  for  nearly  the  last  thirty  years,  in  the  per- 
formance of  the  various  duties  intrusted  to  it  by  law,  under  the  Secre- 
tary of  War  in  the  manufacture  and  procurement  of  all  ordnance  and 
ordnance  stores  for  armies  called  into  the  field  at  different  times  during 
this  period,  also  in  the  providing  of  warlike  stores  for  the  prospective 
wants  of  future  armies,  the  armaments  and  material  for  sea-coast  de- 
fenses, the  material  for  arming  and  equipping  the  militia,  and  the  perform- 
ance of  the  important  experimental  duties  intrusted  to  its  care,  has  ex- 
perienced during  this  period  more  or  less  serious  embarrassment,  not 
only  from  the  inadequacy  of  existing  facilities  at  the  present  arsenals  of 
construction,  but  from  their  locations  and  limited  resources,  necessitat- 
ing the  conduction  of  the  manufacturing  operations  at  different  points, 
widely  separated,  and  being  more  or  less  objectionable  on  account  of 
transportation,  procurement  of  labor  and  material,  and  at  the  loss  of  the 
evident  economy  of  a  judicious  concentration  of  ordnance  manufactures. 

'*Our  present  arsenals  of  construction,  located  between  the  Mississippi 
River  and  Atlantic  Ocean,  are  widely  scattered  from  Maine  to  Georgia. 
This  policy  of  location  was  necessary  at  the  time  of  their  establishment 
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wlieD  but  few,  if  any,  railroad  means  of  transit  existed  in  our  country, 
and  when  it  was  important,  from  this  cause,  that  equipment  of  troops 
should  be  made  at  or  near  the  localities  where  raised. 

"  But  at  the  present  day,  when  our  elaborate  and  perfected  railroad 
and  telegraph  systems  of  communication  have  rendered  the  question  of 
distance  one  of  but  secondary  importance,  we  can  now  take  advantage 
of  these  improvements,  and  subserve  the  true  interests  of  economy,  per- 
fect our  products,  and  attain  the  other  manifest  advantages  of  a  policy 
of  centralization  by  a  concentration  at  one  grand  arsenal  of  the  most  im- 
portant manufacturing  operations  in  the  Department. 

'*•  The  great  importance  of  carrying  out  this  policy  at  a  ^  grand  arsenal 
on  the  Atlantic  seaboard'  has  been  fully  recognized  and  urged  in  the 
report  of  the  Chief  of  Ordnance  of  December  3, 1862,  and  repeatedly 
pressed  upon  the  notice  of  the  War  Department,  and  the  action  of  Con- 
gress earnestly  recommended  in  the  subsequent  annual  reports  of  this 
Office  from  1869  to  1873. 

'^  The  tirst  consideration  in  the  location  of  an  arsenal  of  construction,  to 
effect  these  ends,  is,  evidently,  that  it  should  occupy  a  comparatively 
central  geographical  position  with  respect  to  the  Atlantic  seaboard,  and 
have  at  command  the  facilities  of  one  of  our  great  commercial  centers. 

"  The  pre-eminence  of  the  city  of  New  York,  in  its  gigantic  means  for 
transit  and  for  prompt  distribution  of  all  warlike  stores  to  all  points  of 
the  United  States,  its  unsurpassed  resources  in  labor  and  material,  and 
its  advantages  in  a  geographical  point  of  view  over  any  city  on  our 
coast  as  a  distributing-point,  renders  the  location  of  an  arsenal-site  in 
its  vicinity,  if  practicable,  of  the  greatest  importance ;  and,  accordingly, 
the  board  has  directed  its  examination  particularly  to  this  section  of 
the  country. 

"A  consideration  and  examination  of  the  surroundings  of  New  York 
point  conclusively  to  the  immediate  north  of  Newark,  N.  J.,  as  the  sec- 
tion of  country  possessing  the  best  advantages,  and  as  being  most  eli- 
gible and  desirable  for  locating  the  proposed  arsenal. 

"The  land  here,  bordering  on  the  Passaic  River,  rises  from  the  level  of 
the  river  to  a  height  of  over  100  feet,  and  then  gradually  slopes  east- 
ward to  the  meadow-lands  bordering  on  the  Hackensack. 

"The  character  of  the  ground  gives  it  natural  features  of  defense,  and 
this,  added  to  its  location  (see  Map  1)  with  respect  to  important  works 
of  defense  of  New  York  Harbor,  and  its  freedom  from  the  possibility  of 
naval  attack,  are  considerations  of  the  highest  importance. 

"The  diverging  main  lines  of  railroad  from  Jersey  City  and  Hoboken, 
at  present  eleven  in  number,  bring  this  site  in  close  and  rapid  commu- 
nication with  New  York  and  the  country  at  large,  and  the  water-facili- 
ties of  the  Passaic  and  Hackensack  are  available  for  transportation 
of  supplies  to  and  from  the  harbor  of  the  commercial  metropolis  of  our 
country. 

"A  special  site  on  this  ground  has  been  selected  and  surveyed  (see  re- 
port of  Mr.  H.  N.  Babcock  marked  L")  and  is  represented  in  detail  on 
map  marked  2. 

"Its  location  with  respect  to  New  York  City,  Newark,  and  the  surround- 
ing country,  also  with  respect  to  railroad  and  water  means  of  transit 
with  New  York,  is  shown  by  the  accompanying  map,  marked  3. 

"  It  will  be  seen  (Map  3)  that  this  site  is  distant  about  ♦  ♦  • 
from  New  York,  and  about  three  miles  from  the  suburbs  of  Newark.  It 
has  a  frontage  on  the  Passaic  of  ♦  ♦  ♦  •  ♦  ,  and  ex- 
tending eastward,  as  it  does,  from  the  Passaic  Kiver  to  the  Hackensack 
meadows,  it  thus  has  access  to  both  rivers. 
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^'A  short  line  of  railroad  ♦  •  •  will  connect  the  site  with 
the  railroad  system  of  the  country,  and  at  a  slight  cost  of  constractioQy 
owing  to  the  level  character  of  the  adjacent  lands. 

"A  suitable  proof-ground  for  ordnance  adjoining  the  arsenal-site  is 
shown  on  Map  3,  and  marked  (PG.).  ♦  ♦  ♦  It  would  consti- 
tute a  valuable  adjunct  to  the  arsenal,  and  it  is  recommended  that  it  be 
secured,  if  the  site  for  the  latter  be  approved  and  purchased. 

"The  above-recommended  purchases  do  not  provide  for  storage-depots 
on  the  waters  of  New  York  Harbor,  to  be  specially  utilized  in  times  of 
war.  Our  recent  past  experience  in  the  rebellion  has  shown  that  such 
facilities  can  be  readily  extemporized  when  needed  from  buildings  and 
wharfages  already  existing  for  ordinary  commercial  purposes  in  New 
York  Harbor,  and  at  a  less  cost  than  would  be  incurred  in  their  perma- 
nent provision  by  the  Government. 

<<It  would  appear  from  the  above  considerations  and  facts,  that  a  ^  grand 
arsenal'  of  construction  can  be  located,  at  a  reasonable  and  moderate 
cost,  on  the  Atlantic  coast,  and  at  the  most  desirable  point  for  the  con- 
centration of  ordnance  manufactures. 

"  In  view  of  this  fact,  there  remains  to  be  considered  and  determined 
the  proper  distribution  of  the  duties  of  the  Department,  based  upon 
the  early  establishment  of  this  arsenal,  and  the  proper  disposition  of 
such  arsenals  as  its  erection  will  render  no  longer  needed  for  the  serv- 
ices of  the  United  States. 

"  The  arsenals  and  armories  now  established  east  of  the  Mississippi 
Eiver  are  as  follows,  to  wit: 

Kennebec  Arsenal,  Augusta,  Me. 

Watertown  Arsenal,  Watertown,  Mass. 

Springfield  Armory,  Springfield,  Mass. 

Watervliet  Arsenal,  West  Troy,  N.  Y. 

New  York  Arsenal,  Governors  Island,  New  York  Harbor. 

Pikesville  Arsenal,  Pikesville,  Md. 

Frankford  Arsenal,  Philadelphia,  Pa. 

Washington  Arsenal,  Washington,  D.  C. 

Fort  Monroe  Arsenal,  Old  Point  Comfort,  Va. 

Augusta  Arsenal,  Augusta,  Ga. 

Indianapolis  Arsenal,  Indianapolis,  Ind. 

Columbus  Arsenal,  Columbus,  O. 

Allegheny  Arsenal,  Pittsburgh,  Pa. 

Detroit  Arsenal,  Detroit,  Mich. 

^*  The  principal  manufacturing  operations  of  the  Department  are  now 
performed  at  the  following  arsenals,  to  wit:  Watertown,  engaged  in  the 
production  of  sea-coast  carriages  and  projectiles  !or  heavy  guns;  Spring- 
field Armory,  with  the  manufacture  of  small-arms;  Watervliet,  in  the 
manufacture  of  leather-work ;  Frankford  Arsenal,  in  small-arm  ammu- 
nition, and  Fort  Monroe  Arsenal,  in  sea-coast  carriagesaud  on  ex{)eri ment- 
al duties.  The  remaining  arsenals  in  the  above  list  are  either  engaged 
in  small  repairs  or  are  simply  storage- depots  for  the  care  and  preser- 
vation, issue  and  receipt,  of  ordnauce  and  ordnance  stores.  It  is  believed 
that,  except  small-aruis  and  small-arm  ammunition,  the  more  imi)ortant 
ordnance  and  ordnance  stores,  more  especially  those  for  field  and  siege 
artillery  and  those  to  be  provided  for  the  use  of  our  sea-coast  defenses, 
such  as  cannon,  heavy  sea-coast  carriages,  projectiles,  and  ammunition, 
and  otber  stores  and  appliances  for  tbeir  service  and  maneuver,  also 
harness  and  the  more  elaborate  articles  of  leather-work,  should  all  be 
made  at  the  grand  arsenal  of  construction. 
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<<The  manufacture  of  our  small-arms  and  small-arm  ammunition  for 
oar  present  armies  and  militia,  and  for  our  reserve  supply,  is  one  of 
the  greatest  importance ;  and  as  the  Sx)ringfield  Armory  is  a  model  one 
of  the  world  in  the  perfection  of  its  fabricatious,  and  the  extent  and 
completeness  of  its  arrangements  and  facilities  for  the  production  of 
this  class  of  warlike  stores,  the  board  regards  the  retention  of  this 
establishment  as  a  foregone  conclusion,  in  its  proposed  plan  for  concen- 
tration, for  the  fabrication  of  its  present  specialty,  and  such  other  work 
as  its  facilities  may  accommodate.  Becognizlng  also  the  almost  imper- 
ative necessity,  in  order  to  secure  perfection  in  production  in  the  fabri- 
cation of  small-arms  and  small-arm  ammunition,  that  they  should  be 
produced  side  by  side,  the  board  is  of  the  opinion  that  arrangements 
sbonld  be  made  for  the  transfer  of  the  present  manufacturing  operations 
of  small  arm  cartridges  at  Frankford  Arsenal  to  the  Springfield  Armory 
as  early  as  it  can  be  accomplished  with  economy  and  with  a  due  regard 
to  other  important  public  interests.  The  more  simple  leather-work 
fabrications  of  infantry  and  cavaliy  accoutycrments,  and  perhaps  some 
other  kinds,  all  demanded  in  quantity,  and  requiring  little  but  no  special 
appliances  for  their  manufacture,  can,  it  is  thought,  be  economically 
and  judiciously  made  at  one  of  our  present  arsenals.  The  board  recom- 
mends the  retention  of  the  Frankford  Arsenal  for  this  purpose.  Its 
geographical  position  and  its  facilities  of  shops  and  store-houses  and  for 
material  and  labor  of  the  kind  required,  its  means  of  transit  and  its  close 
and  quick  connection  with  the  proposed  grand  arsenal  at  Newark,  N.  J., 
point  conclusively  to  its  retention  for  the  purpose  suggested,  and  as 
part  of  the  proposed  plan  for  concentration. 

*^  It  will  be  seen  that  the  design  contemplated  by  the  board  is  to  con- 
centrate all  the  principal  manufacturing  operations  of  the  Department 
at  the  proposed  grand  arsenal,  the  Springfield  Armory,  and  at  Frank- 
ford Arsenal. 

^*  It  remains  now  to  designate  those  arsenals  which  it  is  proposed  shall 
be  retained  to  meet  the  wants  of  the  country  as  arsenals  for  storage  and 
repair,  and  those  to  be  used  simply  as  depots  for  the  care,  preservation, 
receipt,  and  issue  of  warlike  stores. 

*^A  careful  and  mature  consideration  of  the  question  leads  the  board 
to  recommend  the  retention  of  the  following  arsenals,  to  wit :  Augusta 
and  Fort  Monroe  as  arsenals  of  storage  and  repair,  and  Kennebec,  New 
York,  and  Indianapolis  arsenals  as  depots  for  storage  and  issue.  This 
^\\\  leave  to  be  sold  the  Watertown,  Watervliet,  Pikesville,  Washing- 
ton, Allegheny,  Columbus,  and  Detroit  arsenals. 

*^  The  reasons  for  the  retention  of  the  above  arsenals,  as  recommended 
by  the  board,  are  as  follows,  to  wit : 

^^Augusta  Arsenal — ^This  is  the  only  arsenal  left  in  the  entire  South, 
east  of  the  Mississippi,  and  the  nearest  constructing  arsenal  to  it  in  the 
proposed  plan  will  be  nearly  eight  hundred  miles  distant.  Its  retention 
and  improvement,  and  sufQcient  enlargement  to  render  it  adequate  to 
supply  the  needs  of  the  Department  in  the  South,  in  the  opinion  of  the 
board  is  a  matter  of  wisdom,  and  in  fact  a  necessity.  The  proposed 
improvements  and  enlargement  (see  memorandum  letter  of  board  ad- 
dressed to  Captain  Hill,  March  7,  1874,  official  copy  of  which  was 
sent  to  that  officer  March  16,  1874,  and  the  report  of  that  officer, 
dated  March  16,  1874,)  can  be  secured  at  a  moderate  cost.  Its  pres- 
ent workshops  and  buildings  are  in  excellent  condition,  are  sufficiently 
large  in  plan  to  be  utilized  almost  without  cost  in  the  remodeling  of 
the  arsenal  as  one  for  storage  and  repair.  The  location,  inland,  is  one 
of  the  best  in  the  South,  both  geographically  and  in  its  rail  and  water 
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facilities,  for  the  reception  and  distribution  of  supplies  for  the  South. 
These  and  its  other  advantages  for  the  purposes  required,  (see  Captaia 
Hill's  report,)  and  its  general  healthfulness,  further  confirm  the  board 
in  its  opinion  as  to  the  propriety  and  necessity  of  retention  of  the 
Augusta  Arsenal.  Its  general  plan  and  its  location  with  respect  to 
Augusta  City  is  given  Id  the  accompanying  map,  marked  4. 

"  Fort  Monroe  Arsenal^  Virginia, — This  arsenal  is  located  on  a  Govern- 
ment reservation,  and  its  connection  with  Fort  Monroe  renders  its  sale 
impossible.  It  is  well  provided  with  shops  and  machinery,  and  is  ad- 
mirably situated  geographically  on  the  waters  of  Hampton  Boads  for 
fitting  out  expeditions,  as  was  shown  in  the  late  war. 

"  The  arsenal  as  it  now  exists,  however,  is  considerably  scattered  over 
the  Government  reservation,  and  as  a  matter  of  economy  and  eflBciency 
it  is  recommended  by  the  board  that  all  the  arsenal  property  inside  the 
fort,  consisting  of  quarters,  barracks,  and  office,  be  turned  over  to  the 
garrison  of  Fort  Monroe.  The  store-houses  and  other  temporary  build- 
ings should  be  torn  down  and  the  materials  applied,  as  far  as  practica- 
ble, to  the  erection  of  suitable  structures  rendered  necessary  by  this 
action,  outside  the  fort  in  the  vicinity  of  its  shops.  The  necessary 
buildings  required  to  be  erected  by  this  plan  would  cost  but  little  addi- 
tional to  the  value  of  the  material  obtained  by  the  removal  of  the  store- 
houses and  buildings  inside  the  fort.  The  buildings  inside  the  fort 
should  not  be  abandoned  or  turned  over  until  their  places  are  supplied 
by  suitable  structures  contemplated  to  be  erected  outside  the  fort. 

^^Kennehec  Arsenal, — ^This  arsenal  is  situated  on  our  northeastern  front- 
ier, bordering  on  Canada,  is  well  located,  has  the  requisite  facilities, 
and  is  deemed  necessary  for  retention  to  supply  the  present  and  pros- 
pective wants  of  that  section  of  our  country. 

^^New  York  Arsenal. — This  arsenal,  located  on  the  glacis-slope  of  Fort 
Columbus,  Governor's  Island,  is  not  available  for  sale.  Whilst  incapa- 
ble of  and  haviug  no  manufacturing  facilities,  Jret  it  has  comparatively 
extensive  storage  capacity  and  wharfage,  and  superior  facilities,  from 
its  location  in  New  York  Harbor,  for  the  distribution  of  supplies,  and 
will  thus  form  a  valuable  adjunct  for  storage  in  connection  witli  the 
proposed  grand  arsenal. 

"  Indianapolis  Arsenal, — The  construction  of  a  large  arsenal  on  the  At- 
lantic coast  and  the  disestablishment  of  the  interior  ones — Allegheny 
and  Columbus — will  leave,  it  is  believed,  too  great  an  area  of  country 
betw^een  the  Atlantic  coast  and  the  Rock  Island  Arsenal  (the  proposed 
arsenal  and  armory  of  the  valley  of  the  Mississippi)  unprovided  with 
an  ordnance-depot,  and  hence  the  board  recommend  the  retention  of 
the  Indianapolis  Arsenal  as  one  for  storage  and  issue  to  meet  the  wants 
of  the  northern-lake  frontier  and  the  central  portion  of  our  country 
lying  to  the  immediate  west  of  the  Atlantic  States.  Indianapolis  is  a 
great  railroad  center;  its  other  facilities  are  prominent,  and  the  present 
arsenal  at  this  point  has  in  its  substantial  and  capacious  store-houses 
and  other  advantages  all  that  is  needed  for  the  purpose  required. 

"  In  order  to  inaugurate  this  general  plan  tor  concentration  the  board 
recommend  that  Congress  be  asked  to  make  the  necessary  appropria- 
tions for  the  immediate  purchase  of  the  site  tor  the  grand  arsenal  pro- 
posed, and  for  the  erection  of  suitable  buildings  immediately  required 
thereon,  and  to  enact  a  law  authorizing  the  sale  of  the  arsenals  above 
desiguated. 

"  The  arsenals  that  can  be  soon  prepared  for  disposition  are  Wash- 
ington, Allegheny,  Columbus,  Detroit,  and  Pikesville.  The  following, 
arsenals  should  be  disposed  of  at  such  times  as  the  stores  now  manu- 
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fa<5tnre(l  at  tbem  cau  be  provided  for  at  the  grand  arsenal,  viz:  Water- 
town  Arsenal,  Massachusetts,  and  Watervliet  Arsenal,  New  York.  It 
is  apparent  that  no  sales  should  be  made  until  the  Department  is  fully 
prepared  elsewhere  to  replace  the  facilities  lost  by  the  disposal  of  any 
of  onr  arsenals. 

"  It  is  evident  that  any  judicious  plan  for  the  disposition  of  even  those 
arsenals  most  available  at  present  for  sale,  under  the  above-proposed 
arrangement  of  the  ordnance  facilities  for  the  United  States,  would 
require  two  or  three  years  for  consummation,  and  hence  the  necessity 
of  appropriations  by  Congress  to  secure  the  site  for  the  contemplated 
*  grand  arsenal,'  and  its  prei)aration  for  buildings ;  the  erection  of  some, 
and  the  making  of  improvements  required  at  its  initiation,  cannot  but 
be  apparent. 

"  It  should  be  provided  by  law  that  the  net  proceeds  of  all  sales  of 
car  arsenals  should  be  used  in  building  up  the  '  grand  arsenal.'  The 
present  estimated  cost  of  the  arsenal-site  and  adjacent  proof-ground  is 
$262,275. 

^^  To  purchase  this  site  and  to  provide  for  improvements  and  buildings 
which  should  and  can  be  provided  during  the  first  year,  it  is  recom- 
mended that  Congress  be  asked  at  its  next  session  for  an  appropriatiou 
adequate  to  secure  the  site  and  proof-ground,  and  an  additional  sum,  not 
exceeding  $500,000,  for  such  improvements  and  structures  as  the  De- 
partment may  deem  best  and  most  expedient  to  at  first  provide. 

**  The  accompanying  statement,  prepared  from  the  reports  of  the  com- 
manding ofiicers,  appended,  marked  AA,  shows  an  estimated  return  from 
the  sale  of  those  arsenals  which  cau  be  most  readily  prepared  for  dispo- 
sition at  present,  (if  the  proposed  plan  is  adopted,)  in  the  aggregate  of 
$2,109,590.56,  and  that  the  proceeds  of  the  two  remaining  ones,  VVater- 
town  and  Watervliet,  whose  disposition  must  be  at  least  delayed  until 
they  are  fully  superseded  by  the  proposed  new  arsenal,  will  be  $1,414,237. 
Valuable  machinery  no^  on  hand  at  the  arsenals  recommended  to  be 
sold  and  dismantled  can  be  utilized  at  the  ^  grand  arsenal.'  The  grand 
aggregate  resulting  from  the  contemplated  sales  will  be  $3,526,827.56. 
This  amount  will  undoubtedly  go  far  toward,  if  not  be  entirely  adequate 
for,  the  full  accomplishment  of  the  contemplated  concentration  of  our 
ordnance  manufactures  and  facilities,  and  ata  point  whose  superior  local, 
geographical,  and  pther  advantages  seem  to  demand  centralization ;  and 
when  we  consider  the  undoubted  improvements  to  be  attained,  the  ease 
with  which  they  can  be  secured,  and  the  prospectively  small  outlay 
required,  it  is  believed  that  sound  judgment  and  a  wise  economy  will 
point  to  the  importance  of  an  early  accomplishmentof  this  proposed  dis- 
tribution of  the  duties  of  the  Ordnance  Department  of  the  United 
States." 

Plan  2. 

"While  the  board  is  unanimous  in  the  opinion  that  the  foregoingplan 
will  in  the  best  and  most  satisfactory  manner  economize  and  perfect  the 
manufactures  of  the  Department,  and  otherwise  provide  forits  wants  east 
of  the  Mississippi,  yet  it  feels  called  upon,  under  the  orders  convening 
it,  to  submit  another  arrangement  for  concentration,  based  upon  the  ex- 
tensiou  of  the  grounds  and  the  enlargement  of  the  manufacturing  and 
storage  facilities  of  one  of  our  large  arsenals  of  construction,  in  lieu  of 
the  establishment  of  a  new  one. 

"  The  board  finds  this  a  difficult,  if  not  impossible,  problem  to  satisfac- 
torily solve,  owing  to  the  want  of  a  decide(l  pre-eminence  in  the  impor- 
tant essentials  requisite  at  any  one  of  our  t)resent  arsenals  of  construe- 
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tion.  Tbe  one  best  adapted  for  this  purpose  and  possessing  greater 
advantages  than  any  other,  from  its  central  geographical  position  with 
respect  to  the  Atlantic  coast,  (see  map  marked  i^o.  23,)  easy  and  ready 
procurement  of  labor  and  material,  and  from  its  facilities  for  storage, 
transportation,  and  distribution  of  its  products,  is  the  Frankford  Arsenal. 
Its  enlargement  is  practicable,  as  the  adjoining  farms  (see  appended 

map,  marked  5,  and  report  of  the  commanding  officer)  can  be  purchased. 

•  •  •  #  •  •  • 

"  The  water-frontage  ot  Frankford  Arsenal  on  the  Delaware  can  be 
made  available  for  transportation,  and  the  grounds  can  be  readily  con- 
nected by  rail  with  the  great  railroad  system  of  our  country. 

'^  Its  geographical  position  is  by  no  means  as  acceptable  as  the  propos- 
ed site  near  New  York  City,  and  its  extension  would  not  in  the  highest 
degree  provide  for  our  wants;  but  yet  it  is  the  only  establishment  for 
the  purpose  that  the  board  can  in  its  judgment  point  to  a^  entitled  to 
consideration,  with  the  view  to  enlargement  and  modification,  to  supply 
the  place  of  a  new  grand  arsenal  of  construction. 

"  In  the  event,  however,  of  its  contemplated  enlargement,  the  board 
recommends  that  the  Springfield  Armory,  in  addition  to  its  present  uses 
and  the  manufacture  of  small-arm  ammunition,  have  also  transferred  to 
it  the  manufacture  of  that  class  of  leather- work  contemplated  in  the  first 
plan  to  be  fabricated  at  Frankford  arsenal. 

''  This  arrangement,  as  no  other  changes  in  the  first  plan  proposed  by 
the  board  are  deemed  advantageous,  would  leave,  after  the  disposition 
of  the  arsenals  heretofore  recommended  to  be  sold,  the  ordnance  duties 
of  the  country  to  be  performed  at  the  following  arsenals  and  armories, 
viz: 

First.  Frankford  Arsenal,  Springfield  Armory — arsenal  and  armory 
of  construction. 

Second.  Fort  Monroe  Arsenal,  Augusta  Arsenal — arsenals  for  storagfi, 
issue,  and  repair. 

Third.  Kennebec  Arsenal,  New  York  Arsenal,  and  Indianapolis  Ar- 
senal— arsenals  for  storage  and  issue. 

"  In  concluding  this  part  of  the  report,  the  board  feels  called  upon  to 
state  that  this  second  plan,  in  its  judgment,  offers  no  considerable  advan- 
tages even  on  the  score  of  economy,  and,  therefore,  it  feels  constrained 
not  to  recommend  its  adoption  unless  it  is  impracticable  to  carry  out  the 
first  plan  or  its  equivalent. 

"  The  accompanying  maps,  marked  from  4  to  17,  show  the  extent  of 
the  grounds  and  location  of  the  buildings  at  our  present  arsenals  east  of 
the  Mississippi.  The  geographical  positions  of  the  arsenals  and  their 
rail  and  water  communications  are  shown  on  map  No.  24. 

POWDER-DEPOT  SITES. 

*'  The  essential  requisites  for  a  powder-depot  site  are  fully  set  forth  in 
the  instructions  of  the  Chief  of  Ordnance  to  the  board  convened  at  New 
York  City,  dated  October  6,  1866,  to  wit : 

<  In  selecting  sites  for  these  two  depots,  the  following  considerations 
must  be  observed  : 

^  1st.  The  depots  should  be  in  a  region  of  country  which  does  not 
admit  of  being  densely  populated,  so  that  the  destruction  of  life  and 
property  by  accidental  explosions  would  be  as  small  as  possible. 

^  2d.  They  should  be  of  sufficient  extent  to  contain  in  suitable  posi- 
tions magazines  trO  store  not  less  than  10,000  tons  of  powder  for  the 
depot  near  New  York,  and  not  less  than  6,000  tons  for  the  other  depot 


REPORT  OP  THE  CHIEF  OP  ORDNANCE.  33 

*  3d.  Tbey  should  be  near  to  a  principal  railroad,  that  they  may  be 
readily  connected  with  it  by  a  railroad  belonging  to  the  Government, 
and  at  a  point  where  transportation  can  be  had  with  facility  at  all  sea- 
sons to  all  points  on  the  seaboard,  to  the  interior,  and  to  the  lake 
frontier.' 

^^The  board,  although  deeming  it  of  the  first  importance  that  the  pow- 
der-depot should  be  established  near  the  contemplated  grand  arsenal  of 
construction,  yet  in  its  surveys  due  attention  was  paid  to  important  local 
particulars. 

*»The  vicinity  of  New  York,  on  the  line  of  the  Erie  Railroad,  it  was 
known  from  the  surveys  of  the  board  of  1866,  could  not  only  furnish 
sites  in  every  way  desirable  for  the  proposed  depot,  but  the  best  attain- 
able in  the  country. 

**  The  board  made  not  only  the  surveys  made  by  the  board  of  1866, 
but  also  additional  ones. 

**The  special  particulars  of  the  sites  selected  to  choose  from  are  given 
iu  the  accompanying  maps  marked  from  —  to  — ,  and  their  relative  posi- 
tions to  the  proposed  grand  arsenal  are  given  in  the  accompanying  map 
marked  — . 

^^ Regarding  this  subject,  the  board  (concurring  in  the  opinion  and  facts 
therein  set  forth)  quote  the  following  from  the  report  of  the  board  of 
1866: 

^  The  location  of  a  site  for  the  depot  to  be  established  in  the  vicinity  of 
Xew  York  City  was  deemed  to  be  the  first  subject  for  consideration,  and 
preliminary  examinations  of  the  most  approved  local  maps — containingin 
minaie  detail  the  topographical  features  of  the  surrounding  country  and 
the  different  converging  lines  of  railroad  to  New  York — were  made  and 
detiiiled  inquiries  instituted  among  parties  possessing  accurate  and 
special  knowledge  of  the  characters  of  special  localities. 

^  A  combination  of  immediate  water  and  railroad  facilities  for  trans- 
portation was  regarded  as  a  desideratum,  but  this  condition,  it  was 
found,  could  not  be  fulfilled  near  New  York  without  sacrificing  the  more 
important  requirements  of  a  site  as  set  forth  in  the  instructions  of  the 
Department. 

^  The  results  of  the  preliminary  inquiries  and  examinations  of  the 
board  pointed  decidedly  and  clearly  to  the  valley  of  the  Ramapo  River, 
between  the  town  of  Sufferns,  N.  Y.,  and  Turner's  Station,  N.  Y.,  along 
the  line  of  the  Erie  Railroad,  and  distant  from  New  York  from  thirty- 
two  to  fifty  miles,  as  the  only  general  locality  which  had  all  the  prime 
requisites,  and  would  in  all  probability  furnish  the  desired  site.  (See  map 
No.  18.)  A  detailed  examination  on  the  part  of  the  board  of  this  tract  of 
coantry — extending  from  Suitems  to  Turner^s —  was  made.  The  general 
topographical  features  of  this  part  of  the  Ramapo  Valley  were  found  to 
be  hills  on  either  side  varying  from  100  to  500  feet  in  height  (the  termi- 
uating  slopes  of  the  Taconic  range)  skirting  the  narrow  bottom-lands  on 
which  the  Erie  Railroad  is  located,  and  here  and  there  broken  by  nar- 
row ravines  diverging  at  different  angles  from  the  valley,  and  at  inter- 
vals iutermpted  by  broader  ones,  on  some  of  which  are  located  the  small 
villages  of  Ramapo  and  Sloatsburgh  and  the  hamlet  of  Southfields.  In 
rear  of  these  heights  the  country  is  broken  by  narrow  ravines  parallel 
ro  the  valley  and  walled  in  by  the  opposite  hills. 

'  These  superior  natural  features  for  our  purposes,  with  the  absence 
(»f  inhabitants  and  of  arable  grounds  for  cultivation  and  support  of  a 
•leose  popalation,  determined  the  question  as  far  as  general  location  was 
«*oncemed,  and  the  special  examinations  made  led  to  the  selection  of  a 
'  i-act  which,  it  is  believed,  will  afford  an  excellent  site,  and  one  which 
3  o 
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we  can  specially  recommend  as  having  every  requisite  that  could  be 
desired,  leaving  out  the  advantages  of  immediate  water- transportation. 
(See  map  No.  18.)  This  site  is  known  as  the  Augusta  tract,  situated  in 
Orange  and  Eockland  Counties,  New  York,  and  owned  by  Peter  Loril- 
lard,  esq.,  of  New  York  City.  It  is  thirty -eight  miles  from  New  York, 
has  an  area  of  4,481  acres,  and  is  traversed  by  the  Erie  Eailroad  alou^ 
the  valley  of  the  Eamapo.    (See  map  No.  1.) 

*  That  portion  of  the  property  west  of  the  Erie  Bailroad  bounded  on 
the  east  by  the  line  extending  from  intersection  of  the  northern  line  with 
the  railroad  southward  through  <Fox  Hill,'  ^High  Peak,'  and  <Ant 
Kidge,'  and  bounded  on  the  west  by  the  property  of  Mead  and  Shuet, 
and  on  the  south  and  north  by  the  '  Sterling  estate,'  has  been  selected 
(an  area  of  about  2,500  acres)  as  the  best  adapted  to  our  purposes. 
(See  map  No.  1.)  This  portion  of  the  tract  is  approached  by  the  wood- 
road  intersecting  the  ^Orange  turnpike'  at  the  ^saw-works,' and  leading 
through  a  narrow  valley  to  the  ^ fish- house,'  and  extending  thence  along 
the  east  shore  of  Truxedo  Lake.  A  high  hill,  around  the  base  of  which 
the  road  winds,  guards  this  approach  at  the  '  saw-works.' 

'The  line  of  hills  skirting  the  valley  of  the  Eamapo,  of  which  'Fox 
Hill,' '  Ant  Eidge,'  'High  Peak,'  and  ' Iron  Mine'  are  prominent  points, 
and  the  range  bordering  on  Truxedo  Lake  and  its  outlets  on  tlie  west, 
form,  it  will  be  seen,  material  barriers  on  the  exterior ;  and  as  the  inter- 
vening or  interior  ground  is  broken  by  ravines,  and  affords  natural  trav- 
erses between  which  to  locate  magazines,  we  have  thus  all  the  natural 
advantages  which  could  possibly  be  desired. 

'As  the  fall  from  Truxedo  Lake,  along  the  valley  of  the  outlet,  is  only 
80  feet  to  the  saw- works,  it  will  be  seen  that  a  railroad  to  connect  with 
the  Erie  Eailroad  at  this  point  can  be  readily  constructed,  and  thus 
connect  the  site  with  the  interior  by  rail,  and  with  New  York  City  direct 
by  rail,  or,  via  Piermont,  b^  rail  or  rail  and  water.  The  nearest  hamlet 
to  this  property  is  Southfields,  a  wood  and  water  station  of  the  Erie 
Boad,  four  miles  off;  the  nearest  village  is  Sloatsburgh,  two  miles  below. 
(See  Map  No.  1.)  The  ground  is  rocky,  and  this,  combined  with  its  hilly 
nature,  renders  it  unsuited  for  agricultural  purposes,  for  residences,  or 
for  manufacturing  settlements.' 

'« The  Augusta  tract,  however,  from  the  present  views  of  the  owners, 
(see  letters  of  Mr.  Lorillard,  marked  B'  and  K'',)  may  be  too  costly  to 
enable  the  Government  to  secure  it,  and  the  board  extended  its  exami- 
nation, and  selected  and  had  surveyed,  as  next  best  and  available  for 
the  purpose,  the  sites  shown  in  detail  in  the  accompanying  maps,  alluded 
to  heretofore. 

"  These  sites  •  ♦  ♦  in  the  general  features  of  seclusion,  character 
of  ground — inclosed  by  their  hilly  barriers — ease  of  connection  with  the 
Erie  Eoad,  and  other  essentials  approaqh  the  perfection  of  the  Augusts 
tract  sufficiently  near  to  render  them  available  for  our  purpose,  pro- 
vided the  former  cannot  be  secured  at  a  reasonable  price.  In  any  event 
the  board  deem,  from  the  results  of  its  general  surveys,  that  the  secure- 
ment  of  a  suitable  site  in  this  section  is  a  foregone  conclusion. 

"  In  concluding  this  part  of  the  report,  it  is  deemed  well  to  allude  to  the 
immediate  necessities  of  a  suitable  powder-depot  for  the  Atlantic 
coast. 

"  In  the  establishment  of  our  present  arsenals,  as  their  locations,  at  the 
time  of  their  construction,  were  but  sparsely  settled,  the  erection  of 
powder-magazines  on  these  Government  reservations  provided  for  our 
wants  in  this  respect.    The  rapid  increase  of  population  in  the  adjacent 
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towDB  and  cities  has,  however,  in  the  majority  of  cases,  rendered  these 
magazines  dangerous  to  the  communities  in  which  they  are  located, 
and  hence  the  Government  either  has  abandoned,  or  eventnally  will 
have  to  essentially  abandon,  the  storage  of  powder  at  all  of  onr  arsenals. 
The  damp  seaair  renders  our  fortifications  unfitted  for  this  purpose,  and 
the  Government  has  now  large  quantities  of  powder  rapidly  deterio- 
rating at  these  places  for  want  of  proper  storage-facilities.  About^2,500 
tons  of  x>owder  and  3,000  tons  of  niter  are  now  on  hand. 

^'  The  necessity  of  immediate  action  is  hence  deemed,  it  is  believed, 
apparent,  and  it  is  earnestly  recommended  that  Congress  be  asked  at 
its  next  session  to  appropriate  a  sum  adequate  to  purchase  a  site,  and 
commence  the  provision  of  buildings  suitable,  not  only  for  the  storage 
of  powder,  but  also  for  our  niter  supplies,  and  the  accommodation  of 
suitable  machinery  and  appliances  for  the  manufacture  of  experimental 
powders. 

EXPEBBIENTAL  GKOUND  FOR  HEAVY  OBDNANCE. 

^^  The  Department  has  long  felt  the  want  of  a  suitable  site  for  testing 
heavy  ordnauce,  obtaining  ranges,  and  solving  the  various  experimental 
problems  connected  with  the  science  of  gunnery. 

^^  The  report  of  the  Chief  of  Ordnance  of  1872  thus  alludes  to  the  entire 
inadequacy  of  our  present  facilities  in  this  regard : 

^  It  has  been  compelled  to  avail  itself  of  the  limited  extent  of  ground 
Dear  Fort  Monroe  tor  the  prosecution  of  these  important  duties.  As 
the  artillery  school  of  practice  is  established  on  this  reservation,  the 
sx)ace  is  necessarily  too  contracted  for  the  operation  of  both.  Besides, 
the  range  obtained  on  land  is  but  little  more  than  a  mile,  and  that  over 
the  waters  of  the  Chesapeake  Bay  seldom  available;  whereas,  for 
efficient  experimental  purposes,  a  range  of  at  least  six  miles  is  indis- 
pensable. 

^  Some  central  point  convenient  to  railroad  communication,  with  a 
saitable  extent  of  level  ground,  could  be  readily  selected  and  purchased 
at  a  small  cost.  Experiments  with  large  ordnance  cannot  be  properly 
oondacted  without  the  best  and  most  approved  facilities,  such  as  every 
military  nation  has  found  it  necessary  to  provide.' 

•^  The  main  features  that  are  essential  to  such  a  site  are  that  it  should  be 
comparatively  level,  easily  accessible,  not  traversed  by  highways  or 
extensive  water-courses,  uninhabited,  and  sufficiently  remote  from  any 
settlements  to  avoid  any  possible  accidents,  and  embracing  an  extent  of 
land  from  seven  to  eight  miles  in  length  and  from  one-half  to  one  mile  in 
width.  It  is  deemed  very  desirable  by  the  board  that  this  site  should 
not  be  very  remote  from  the  grand  arsenal  on  the  Atlantic  sealK)ard, 
nor  from  the  powder  depot. 

'^The  level  beaches  and  flat  interior  lands  of  Long  Island  and  the  coast 
of  New  Jersey  were  all,  it  will  be  seen  by  the  record,  examined. 

**  The  sites  examined  on  Long  Island  are  in  the  vicinity  of  Babylon, 
Deer  Park,  Bay  Shore,  and  Islip.  The  ground  lies  here  in  exteusive 
level  stretches,  adapted  in  this  respect  for  our  purposes,  but  it  is  deemed 
objectionable  by  the  frequency  of  rail  and  wagon  roads,  and  by  the  rap- 
idly increasing  settlements,* rendering  early  and  serious  interference,  in 
this  regard,  highly  probable. 

*^  The  Jersey  coast,  extending  from  Sandy  Hook  to  and  including  Sqnan 
and  Island  Beaches,  consists  of  level  and  long  stretches  of  sandy 
beaches,  and  the  upper  end  of  Squan  Beach,  in  the  vicinity  of  the  town 
of  Point  Pleasant  and  Squan  Village,  has  the  best  local  advantages 
foand  and  examined  by  the  board.    This  ground  has  been  carefully  sur- 
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veyed,  under  the  directioD  of  the  board,  by  Mr.  II.  N.  Babcock,  (see  bis 
report  marked  M',)  and  a  nite  selected.    (See  map  marked  21.) 

"  The  contemplated  rail  connection  would  be  about  two  and  one-half 
miles,  and  its  construction  would  not  require  any  extensive  excavation 
or  fiUing'in,  and  hence  it  can  be  built  at  a  moderate  cost. 

*'  The  relative  location  of  this  site  to  the  grand  arsenal  and  the  pro- 
posed powder-depot  is  shown  on  the  accompanying  map  marked  No.  1. 
An  examination  of  this  map  will  show  that  ample  rail  facilities  connect 
this  section  of  the  country  with  the  country  at  large.  The  present 
United  States  life-saving  and  signal  stations,  located  on  the  beach,  it  is 
believed,  will  be  advantageous  to  our  use  of  this  ground  for  experi- 
mental purposes,  while  our  occupancy  will  not  interfere  with  these  other 
branches  of  the  public  service.  The  meteorological  phenomena  of  this 
portion  of  the  coast,  such  as  the  force,  direction,  and  frequency  of  winds 
and  occurrence  of  fogs,  have  not  yet  been  fully  determined,  but  all  the 
information  in  this  regard  which  the  board  could  obtain  is  presented  in 
the  accompanying  reports. 

'^  While  this  site  does  not  possess  in  the  highest  degree  all  the  desired 
requisites,  still  it  is  believed  to  be  the  best  that  can  be  found  on  the 
Atlantic  coast  within  a  convenient  and  desirable  distance  from  New 
Yo^k  City,  the  proposed  grand  arsenal,  and  the  depot  for  powder. 

^^The  purchase  of  this  site,  building  the  proposed  railroad,  and  purchase 
of  right  of  way,  the  erection  of  the  necessary  buildings  and  improvement 
of  the  ground,  it  is  thought,  will  not  exceed  $100,000,  and  it  is  earnestly 
recommended  by  the  board  that  Congress  be  urged  to  make  the  neces- 
sary appropriations  at  its  next  session. 

<^  The  Government  reservation  at  Sandy  Hook,  (see  map  marked  No. 
22,)  at  the  entrance  of  the  harbor  of  New  York,  distant  eighteen  miles 
from  the  city,  and  in  close  and  quick  communication  with  it,  has  an 
available  extent  in  length  of,  say,  one  to  two  miles,  and  in  breadth  of, 
say,  thjreH-flfths  of  a  mile.  Its  general  features  are  the  same  as  Squan 
Beach,  but  it  is  entirely  too  contracted  for  all  our  uses ;  and  the  Long 
Branch  Railroad  limits  and  materially  interferes  with  its  usefulness  as 
an  experimental  firing-ground.  However,  it  is  superior  in  geographical 
location  and  equal  in  other  respects  to  our  present  facilities  at  Fort 
Monroe,  and  in  the  interim  of  the  establishment  of  the  experimental 
ground  at  Squan  Beach  it  could  be  utilized  (with  the  permission  of  the 
Engineer  Department)  as  an  adjunct  with  Fort  Monroe  for  carrying  on 
such  experiments  and  proof  as  it  may  be  fitted  for  and  as  may  be  deemed 
desirable  to  have  conducted  at  this  point. 

"  S.  CRISPIN, 
BvL  Col.  U,  8.  A,y  Major  of  Ordnance^  President. 

"T.  J.  TREAD  WELL, 

Major  of  Ordtuince. 
«  T.  G.  BAYLOR, 
Major  of  Ordnance^  Recorder. '^ 

Note. — The  maps  and  drawings  referred  to  in  the  foregoing  report  do 
not  accompany  it.    They  are  filed  in  the  office  of  the  Chief  of  Ordnance. 
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Appendix  B. 

Watertown  Arsenal,  September  27, 1875. 

Sir  :  I  have  the  honor  to  call  your  attention,  with  the  view  of  bring- 
ing the  subject  to  the  notice  of  the  Executive  and  Congress,  the  great 
want  which  is  so  much  felt  of  a  Government  powder-mill,  under  the 
direction  of  officers  of  this  Department,  for  the  purpose  of  experiment- 
ing in  the  fabrication  of  gunpowder  for  the  military  service,  and  espe- 
cially of  that  for  heavy  guns. 

The  more  study  and  reflection  that  is  devoted  to  the  consideration  of 
the  best  means  of  improving  the  quality  of  gunpowder  and  adapting  it 
to  the  purposes  of  modern  artillery,  the  more  clearly  will  appear  the 
absolute  necessity  of  having  an  experimental  mill,  where  powder  can  be 
made  under  our  own  directions,  and  tested  promptly  by  firing  service- 
charges  ;  where  experiments  can  be  at  all  times  carried  on  systematic- 
ally, and  all  suggestions  having  for  their  object  the  melioration  of  our 
powder  supplies  can  be  practically  and  faithfully  tested  with  every 
requisite  for  insuring  reliable  results. 

The  time  would  seem  to  have  arrived  when  it  is  imperative  on  us  to 
take  some  step  toward  the  attainment  of  this  long-desired  end. 

The  history  of  the  improvements  introduced  daring  the  course  of  the 
last  fifteen  years  in  the  manufacture  of  gunpowder  in  diiferent  coun- 
tries cannot  fail  to  bring  conviction  to  the  unprejudiced  mind  that  the 
possession  by  the  Government  of  a  mill  such  as  has  just  been  indicated 
is  a  necessity,  and  will  most  surely  be  productive  of  beneficial  results  in 
raising  the  standard  of  all  kinds  of  powder  used  in  the  military  service. 

In  1860,  when  Captain  Rodman  made  his  first  experiments  at  Fort 
Monroe  with  his  perforated  cake  powder,  and  proved  by  actual  trial  that 
a  given  velocity  could  be  imparted  to  a  shot  from  a  15-inch  gun  with 
very  much  less  strain  to  the  gun  when  this  new  powder  was  used  than 
with  any  ordinary  grained  powder,  a  distinguished  Kussiau  officer  was 
present,  and  witnessed  the  firings.  His  reports  to  his  government  were 
so  favorable  to  the  perforated  cake  form  of  powder  that,  on  his  return  to 
his  country,  he  induced  the  authorities  to  sanction  the  preparation  of 
machinery  for  the  manufacture  of  powder  of  this  kind  on  a  large  scale 
for  the  use  of  all  heavy  guns. 

A  powder-mill  being  at  his  disposal,  and  being  able  to  take  the  pow- 
der for  his  purpose  at  any  desired  stage  of  its  manufacture,  and  use  it 
on  the  spot,  he  was  soon  able  to  inaugurate  successfully  the  fabrication 
of  this  powder  in  quantities  to  meet  all  demands  for  it.  It  differed 
from  that  which  Captain  Rodman  had  made  only  in  the  size  of  the  cakes, 
which  were  smaller,  and  it  is  now  an  article  of  established  manufacture 
known  as  ''prismatic"  powder. 

Cax>tain  Rodman,  not  having  at  his  command  the  facilities  which  a 
X)owder-mill  only  can  supply,  never  succeeded  in  making  this  powder  in 
large  quantities,  or  at  a  price  to  be  able  to  call  it  a  great  practical  suc- 
cess. 

There  can  be  little  doubt  that  had  he  had  the  advantages  of  even  a 
small  experimental  powder-mill,  where  he  could  test  some  of  the  differ- 
ent plans  of  making  this  powder,  he  would  have  succeeded  as  well  as 
the  more  fortunate  Russian  officer,  and  the  credit  of  perfecting  as  well 
as  originating  this  invention  would  have  been  his. 

Finding  great  practical  difficulties  in  the  formation  of  the  cakes  with 
the  limited  means  at  his  disposal,  and  not  having  the  powder  in  the 
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right  condition  for  bis  purposes,  Captain  Bodman  proposed,  as  being 
easier  to  make,  a  pellet  powder,  tbe  grains  of  wbich  were  in  sbape  like 
a  double  convex  lens.  This,  too,  he  attempted  to  manufacture  at  an 
arsenal,  but  his  materials,  when  he  received  them  from  the  powder-mills, 
were  not  in  a,  favorable  condition  for  compressing,  and  the  production  of 
pellets  of  uniform  density  proved  to  be  utterly  impracticable,  and  of  course 
the  powder  could  not  give  uniform  results.  It  also  failed  to  become  a  prac- 
tical success.  If  the  experiments  could  have  been  conducted  at  a  pow- 
der-mill, with  soft-grained  powder  just  from  the  coming-machine,  the 
results  would  have  been  quite  different. 

Three  years  ago  I  was  directed  to  superintend  the  manufacture  of 
some  mammoth  powder,  to  be  made  at  one  of  the  powder-mills,  for  the 
Army.  Believing  the  proposed  modification  to  be  both  feasible  and 
desirable,  I  endeavored  to  persuade  the  manufacturer  to  make  the 
grains  of  this  powder  uniform  in  size,  each  a  small  cube,  like  the  cut 
white  sugar  found  in  market.  It  was  claimed  by  them  that  the  plan 
was  not  practicable,  on  account  of  tbe  great  expense  that  it  would 
involve.  It  was  not  then  known  that  this  proposed  powder  was  identi- 
cal with  the  English  pebble-powder,  the  grains  of  which  are  formed  by 
means  of  an  inexpensive  machine,  and  is  the  cheapest  of  all  the  powders 
made  in  England.  Very  naturally  the  manufacturers  preferred  to  fill 
the  order  in  the  same  way  in  which  they  had  been  accustomed  to  fill 
previous  similar  ones,  following  the  regular  routine,  with  which  all  of 
the  workmen  were  familiar,  and  securing  their  regular  profit,  instead  of 
embarking  in  a  series  of  untried  experiments,  involving  a  considerable 
expenditure  of  time  and  money,  uncertain  where  they  should  lead  or 
what  return  bring  back.  Their  own  interests  taught  them  to  be  con- 
servative, to  cast  their  preference  to  that  course  which  gave  the  least 
trouble  to  themselves,  involved  no  perplexing  questions  of  the  best  mode 
of  procedure,  no  change  of  plans  or  machinery,  and  incurred  no  addi- 
tional expense. 

If  an  expenditure  of  time,  thought,  labor,  and  money  is  to  be  made  in 
furthering  the  improvement  of  the  quality  of  gunpowder  for  the  military 
service,  its  officers  are  the  proper  persons  to  direct  it,  and  have  charge 
of  the  work.  It  cannot  be  expected  that  private  manufacturers  will 
devote  themselves  to  this  aim  when  their  pecuniary  interests  do  not 
prompt  them  to  it,  but  rather  conflict  with  all  changes  from  established 
processes.  The  officer's  professional  reputation  and  the  credit  he  would 
gain  by  any  marked  improvements  that  he  might  make  would  act  as  a 
spur  to  his  endeavors  instead  of  checks  to  restrain  them. 

In  Germany  and  Kussia  the  government  own  powder-mills,  which  are 
under  the  immediate  direction  of  officers  of  the  army,  whose  duties 
embrace,  beside  the  superintendence  of  the  manufacture  of  the  necessary 
supplies  of  all  kinds  of  powder  for  the  army  and  navy,  the  constant 
study  and  trial  of  all  means  that  promise  to  lead  to  the  improvement  of 
Its  quality. 

The  introduction  of  prismatic  powder,  to  the  exclusion  of  all  other 
kinds  for  use  in  all  large  guns,  has  been  definitely  settled  upon  aftei 
careful  and  extended  experiments,  and  the  manufacture  is  conducted  on 
a  large  scale,  commensurate  with  the  demands  of  the  service. 

France  has  within  the  last  few  years  changed  the  direction  of  its 
powder-mills,  placing  a  certain  number  of  them  under  officers  of  the 
army,  who  are  charged  with  making  the  supplies  for  the  military  and 
naval  services. 

The  change  of  administration  has  been  marked  by  renewed  zeal  in 
carrying  on  extensive  and  systematic  experiments,  having  for  their 
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object  the  improvement  of  the  quality  of  the  powder,  and  making  it 
answer  the  new  reqairements  arising  from  the  changed  circumstances- 
of  new  and  heavier  gnus. 

The  broad  principle  has  been  recognized  that  for  each  gun  there  is  a 
special  powder,Jwhich,  when  fired  in  that  gun,  will,  without  injury  to  it, 
do  the  maximum  amount  of  work,  and  extensive  and  costly  experiments 
are  now  being  made  to  determine  this  powder  for  the  different  guns  in 
use.  That  which  has  been  adopted  for  the  field-guns  is  a  novelty,  and 
has  not  been  tested  elsewhere,  so  far  as  I  am  informed. 

England  depends  for  its  supply  of  powder  in  time  of  war  upon  the 
private  mills  in  the  kingdom.  The  government,  however,  owns  the 
Waltham  Abbey  powder-mill,  which  is  capable  of  making  from  14,000 
to  28,000  barrels  per  annum,  depending  upon  the  kind  of  powder.  The 
mill  is  under  the  direction  of  a  colonel  of  the  army  assisted  by  two  other 
officers.  In  this  way  the  government  has  the  means  of  making  any 
desired  experiment  as  to  materials,  proportions  of  materials,  the  best 
method  of  incorporating  them,  or  of  conducting  any  of  the  processes  in 
order  to  produce  the  best  results,  and  also  to  determine  by  its  own  ex- 
perience the  actual  cost  of  manufacture,  which  is  important  whenever 
circumstances  require  it  to  become  a  purchaser.  Samples  of  all  kinds 
of  powder  made  at  this  mill  are  sent  annually  to  each  powder-mill  within 
the  kingdom,  and  the  private  manufacturer  thus  reaps  without  any  ex- 
pense to  himself  all  of  the  advantages  to  be  derived  from  the  experi- 
ments that  have  been  made  at  the  government  mill — an  advantage  of 
no  small  account. 

The  superior  excellence  which  is  rightly  accorded  to  the  English  pow- 
der is  mainly  due  to  the  influence  exerted,  and  the  improvements  made, 
by  the  government  mill — to  the  valuable  experiments  made  there — the 
results  of  which  are  at  once  communicated  to  the  private  manufacturers. 

In  England,  the  solution  of  the  question  of  a  suitable  powder  for 
heavy  guns  was  first  sought  in  the  manufacture  of  a  solid  pellet  powder, 
every  grain  of  which  was  of  exactly  the  same  size  and  shape,  pressed 
solid  in  a  mold  of  a  particular  form.  Owing,  however,  to  the  great 
expense  of  manufacture,  a  substitute  was  sought  which  should  possess 
the  same  advantages  and  be  free  from  this  objection. 

The  result  of  the  experiments  made  for  this  end  was  the  prodnction 
of  a  powder  which  has  given  excellent  results, and  is  known  as  ^^ pebble'' 
powder.  It  is  formed  into  small  cubes  by  cutting  the  hard-pressed  cake, 
one-half  inch  thick,  first  into  long  prismatic  sticks,  and  afterward  these 
sticks  into  cubes. 

The  cutting  is  effected  by  means  of  a  machine  perfectly  simple  in  its 
construction,  designed  for  this  special  purpose  at  the  Waltham  Abbey 
mill,  and  so  satisfactory  in  its  action  that,  as  before  stated,  this  powder 
is  the  cheapest  of  all  of  the  different  powders  made. 

The  private  manufacturers  reaped  at  once  the  benefits  of  the  experi- 
ence gained  in  the  government  mill.  They  were  permitted  to  copy  this 
machine,  and  are  now  able  to  furnish  powder  suitable  for  large  guns  at 
a  price  less  than  those  of  other  countries. 

Snch  are  the  advantages  that  the  powder-makers  in  this  country  are 
to  derive  from  the  establishment  of  a  Government  powder-mill  under 
the  direction  of  the  officers  of  this  Department.  The  mill  will  be  ordi- 
narily employed  in  making  experimental  powders  with  the  view  of  im- 
proving the  quality  of  the  vafious  kinds,  determining  the  best  wood  for 
the  charcoal,  and  the  best  method  of  securing  uniform  results  in  the 
products  of  incorporation,  as  well  as  establishing  standard  powder  for 
each  of  the  guns  in  service. 
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The  manafactnre  of  powder  has  not  progressed  so  far  as  not  to  leave 
a  wide  field  for  investigations,  if  we  can  only  obtain  the  means  of  carry- 
ing on  the  work.  Samples  of  all  of  the  different  kinds  of  powder  manu- 
factured daring  the  year  would  be  distributed  annually  to  every  mill 
throughout  the  country,  with  permission  to  visit  and  copy  any 
machinery  that  might  be  deemed  desirable,  the  results  of  experiments 
bearing  on  the  manufacture  of  powder,  and  of  interest  to  those  engaged 
therein,  would  be  communicated  to  them,  and  in  this  way  they  would  be 
the  recipients  of  much  useful  information  witliout  any  expense  or  trouble 
to  themselves.  The  Government  would  reap  the  fruits  of  the  money 
4spent  in  disseminating  this  useful  information  by  the  improved  quality 
of  its  powder-supplies  in  times  of  war,  and  the  higher  standard  of 
excellence  of  all  kinds  of  powder. 

In  times  of  war  the  powder-mills  would  find  full  employment  in  sup- 
plying the  Government's  wants,  and  would  be  better  able  to  furnish 
powder  of  the  quality  required,  as  they  would  be  called  upon  to  make  it 
according  to  certain  standard  samples,  the  different  processes  to  accom- 
plish it  ^tng  laid  down  for  their  guidance  from  actual  experieuce  at  the 
Government  mill. 

The  interests  of  the  powder-makers  in  the  establishment  of  this  pro- 
posed mill  are  identical  with  those  of  the  Government,  and  they  Can  well 
afford  to  join  hands  with  us  in  obtaining  favorable  legislation  for  carry- 
ing it.  out. 

I  have  conversed  with  the  ofSicers  of  two  of  the  large  companies 
engaged  in  the  manufacture  of  powder,  and  they  agree  with  me  in  the 
opinion  that  a  Government  mill,  such  as  is  herein  proposed,  would  be  of 
great  advantage  to  the  Department,  and  would  in  no  may  conflict  with 
their  interests.  Though  they  may  not  deem  the  matter  of  sufficient  im- 
portance to  enlist  their  active  co-operation  in  procuring  the  necessary 
legislation  to  start  the  mill,  they  will  at  least  do  nothing  to  oppose  the 
measure  or  thwart  our  efforts. 

I  regret  that  I  have  not  had  the  opportunity  of  conversing  with  the 
ofiieers  of  the  other -two  large  companies  on  this  subject,  but  from  their 
known  enlarged  views  we  may  expect  that  they  will  entertain  similar 
opinions,  and  pursue  the  same  course  of  action  as  those  first  men- 
tioned. 

Very  respectfully,  your  obedient  servant, 

T.  T.  S.  LAIDLEY, 
Colonel  of  Ordnance,  Commanding. 

The  Chief  of  Ordnance. 
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Appendix  C. 

Benicia  Arsenal,  Cal.,  July  21, 1875. 

General:  I  bave  the  honor  to  sabmit  the  following  as  a  detailed 
report  of  the  work  performed  in  boring  the  artesian  well  at  this  post 
daring  the  past  fiscal  year. 

So  many  difficulties  had  been  encountered  and  overcome  during  the 
previous  year  that  the  work  was  continued  with  greater  confidence  than 
ever  before.  Experience  had  taught  the  lesson  that  we  could  not  ex- 
pect great  results  at  once,  but  that  no  means  which  had  been  adopted 
were  capable,  little  by  little,  of  ultimately  accomplishing  our  purpose. 

We  have  met  with  one  difficulty,  however,  not  experienced  previously, 
which  could  not  be  overcome,  and  that  was  the  want  of  funds  to  con- 
tinue the  work  during  the  months  of  April,  May,  and  June.  This  deficit 
in  the  appropriation  resulted  from  the  necessity  of  increasing  the  daily 
work  to  fifteen  hours,  and. paying  the  men  for  the  extra  hours  they  were 
employed.  The  change  in  the  work-hours  was  the  result  of  thought 
and  trial.  It  was  ascertained  that  dgring  the  time  the  men  were  work- 
ing at  the  well  no  sediment  settled  around  the  outside  of  the  pipe,  and 
therefore,  by  increasing  the  time  during  which  the  pipe  was  subjected 
to  the  friction  of  the  tools,  in  ascending  and  descending,  and  to  the 
movement  of  the  mud  and  water  in  the  bottom  of  it  by  the  use*  of  the 
drill  or  pump,  the  attraction  of  the  soil  to  the  outside  surface  of  the  pipe 
was  lessened.  By  comparing  the  distance  for  which  this  S-inch  pipe 
has  been  used  with  that  to  which  the  11  and  9  inch  pipes  reached,  you 
will  see  that  the  above  is  correct.  The  first  of  these  stopped  at  the 
depth  of  202  feet,- having  a  surface  of  579  superficial  feet  in  contact  with 
the  soil ;  the  second  was  557  feet  long,  and  had  836  superficial  feet  press- 
ing against  the  earth,  when  it  could  be  moved  no  farther.  The  present 
pipe  is  960  feet  in  length,  and,  of  this  distance,  408  feet  are  in  contact 
with  the  soil — it  therefore  had  844  superficial  feet  of  its  surface  sur- 
rounded by  dibria  when  it  became  immovable. 

The  success  that  was  experienced  with  this  pipe  reaching  a  greater 
depth  than  the  others  was  due  entirely  to  the  constancy  of  the  work  at 
the  well,  in  comparison  to  that  done  previously. 

I  have  therefore  concluded  that  the  best  method  of  boring  an  arte- 
sian well  is  to  work  without  cessation  night  and  day. 

The  work  has  been  continued  for  nine*  months.  If  we  had  had  the 
money  for  twelve  months'  work  the  month  of  April  would  have  been 
occupied  in  making  new  tools  and  pipe  of  a  reduced  diameter,  so  that 
only  two  months  have  been  lost  from  actual  boring. 

In  July  the  work  was  continued  with  the  8-inch  tools  and  pipe.  On 
the  11th  the  tool  struck  a  bowlder,  which  broke  the  side-cutters.  The 
strata  pierced  consisted  of  shale,  sandstone,  bowlder,  and  hard  quartz- 
ore  rock,  with  lime-seams  through  it.  The  tubes  of  the  boiler,  thirty- 
two  in  number,  were  worn  out,  and  .had  to  be  replaced;  and-the  steel- 
wire  rope  for  hoisting-pump  had  rusted,  so  that  400  feet  of  it  were  con- 
demned and  new  rope  substituted.  Four  days  were  lost  in  making 
these  repairs;  but  187^  hours  were  employed  in  boring,  which  gave  as 
a  result  25  feet  7  inches. 

In  the  month  of  August  strata  of  siliceous  shale  and  sand-rock  were 
bored  through,  until  the  22d,  when  a  bowlder  was  encountered.  As 
there  is  nothing  to  warn  the  workman  when  he  will  meet  with  one  of 
these  ugly,  customers,  his  tools  have  to  suffer;  and,  in  this  case,  both 
side  cutters  were  broken.  While  they  were  being  raised  out  of  the  well 
a  new  lever  was  put  up,  and  the  hoisting-gear  was  overhauled.    The 
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cause  of  the  steel-wire  rasting  so  rapidly  was  attribatable  to  thefact  that 
the  rope  had  a  hempen  core,  which  absorbed  the  water  every  time  the 
pump  was  lowered  iuto  the  well,  aud  this  kept  the  wires  cod stantly  sap- 
plied  with  moisture,  even  when  the  rope  was  wound  on  the  reel.  A  new 
8teel-wire  rope  was  ordered,  with  a  core  composed  of  soft  iron  wires, 
all  of  which  were  to  be  tarred  before  they  were  put  together.  As  this 
had  to  be  manufactured,  the  work  went  on  with  the  o)d  rope  until  it 
broke.  Two  hundred  and  seventy- three  hours  wereemployed  in  boriug', 
and  the  progress  make  this  month  was  61  feet 

The  work  was  commenced  in  September  with  every  prospect  of  sac- 
cess,  as  the  amount  accomplished  in  August  was  encouraging;  but  tbe 
result,  as  will  be  seen,  proved  a  disappointment.  On  the  3d  the  tools 
were  lowered  three  times,  and  on  each  occasion  they  could  not  be  turned 
in  the  well.  A  distance  of  nearly  3  feet  was  filled  in  with  hard  rock, 
and  the  boring  of  the  previous  day  had  to  be  repeated. 

After  the  second  shift  of  work  on  the  7th,  the  side-cutter  tool  was  drawn 
out  of  the  well,  leaving  them  and  the  plat€s  behind  it.  Tbe  extraction  of 
these  four  pieces,  as  they  were  united  to  each  other,  was  attempted  with 
a  hook,  but  failed  ;  and  the  more  strain  exerted,  the  more  firmly  they 
resisted;  it  was  therefore  found  necessary  to  break  them  apart,  and 
to  employ  the  kit-extractor  to  raise  them. 

The  next  detention  resulted  from  the  wear  of  tbe  shoulders  of  the  side- 
cutter  tool.   They  commenced  to  yield,  and  another  frame  had  to  be  made. 

By  tbe  25th  the  tool  was  ready  aud  tbe  work  resumed,  but  on  this 
very  day,  to  distinguish  this  month  for  accidents,  tbe  main  pin  holding 
the  plates  together  and  three  of  the  pins  which  hold  the  side  cutters 
to  the  plates  were  broken  in  tbe  first  shift ;  but  the  drill,  fortunately, 
brought  up  the  whole  system,  held  by  one  small  pin.  The  half  stroke 
was  tried  the  next  day,  on  account  of  tbe  hardness  of  the  rock  in  which 
the  drill  was  working,  but  with  very  little  success.  It  was  concluded, 
however,  from  tbe  want  of  resistance,  when  the  drill  was  turned  in  the 
well,  and  the  even  stroke  obtained  in  all  positions  of  it,  that  the  hardest 
portion  of  the  rock  had  been  perforated.  This  was  also  proved  by  the 
appearance  of  the  tools  when  they  were  taken  out  of  the  well,  which 
showed  evidently  that  they  were  no  longer  grinding  the  rock. 

On  account  of  the  many  breakages,  I  was  desirous  of  using  the  re- 
duced stroke,  which  would  certainly  obviate  all  difficulties  of  this  nature, 
considering  that  the  reduced  stroke  and  less  progress  in  a  given  time 
would  be  preferable  to  breaking  tools. 

Theoretically,  it  seemed  that  half  a  stroke  must  do  some  work,  as 
drops  of  water  wear  a  stone,  but  practically  it  proved  of  no  avail, 
especially  when  the  drill  was  piercing  a  stratum  which  was  not  homo- 
geneous. In  this  case  the  drill  does  not  work  evenly  on  all  sides,  and 
will  afiTect  tbe  soft  places  of  the  bottom  the  most,  wearing  them  away 
first,  and  thus  rendering  each  subsequent  stroke  on  them  longer.  The 
harder  portions  of  the  rock  remain  as  elevations  in  the  bottom,  from 
which  the  drill  glances ;  it  is  then  necessary  to  fill  in  with  hard  rock 
and  commence  gradually  to  drill  down  on  the  top  of  these  and  work 
them  away. 

The  greatest  daily  progress,  2  feet  6  inches,  and  the  least.  3  inches, 
were  obtained  in  the  same  time,  L  e.,  fourteen  and  a  half  working  hours. 
The  total  progress  in  the  month  was  only  10  feet. 

The  work  during  the  first  days  of  October  raised  our  spirits  and  we 
indulged  in  great  hopes  for  the  future.  On  the  first  day,  notwithstanding 
seven  hours  were  occupied  in  removing  small  bits  of  steel,  which  had 
remained  in  the  well  ever  since  tbe  accidents  of  September,  the  progress 
was  good. 
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The  third  day  was  the  bright  day  of  the  year.  More  work  was  per- 
formed in  fourteen  hoars  than  wasever  accomplished  in  the  same  time 
before.  The  well  was  sunk  4  feet  9  inches.  This  was  an  extraordinary 
success,  as  it  was  obtained  at  a  depth  of  756  feet.  As  far  as  I  can  learn , 
this  progress  has  never  been  equaled  at  so  great  a  depth  and  through  a 
similar  stratnm  of  rock.  The  progress  on  the  23(1  was  again  4  feet  9 
inches,  but  the  time  occupied  in  making  it  was  one-half  hour  longer 
than  that  employed  in  obtaining  the  same  result  on  the  3d.  The  whole 
progress  made  this  month  was  79  feet.  This  was  regarded  as  an  excel- 
lent month's  work,  as  we  lost  five  days  by  the  following  accidents  :  two 
side-cutters  and  the  wire  rope  were  broken,  and  the  sheave  of  the  pulley 
in  the  top  of  well-tower  was  cracked. 

Misfortune  commenced  with  November.  The  drill  struck  a  hard 
stratamon  the  fourth  day  and  broke  both  side-cutters,  leaving  them  in  the 
well ;  on  the  next  day  only  6  inches  in  depth  were  gained,  after  working 
fourteen  hours  and  a  half.  Water  made  its  appearance  over  the  top  of 
the  pipe  on  the  18th  of  this  month,  and  immediately  the  drill  encoun- 
tered a  very  hard  stratum  of  rock  6  feet  and  2  inches  in  thickness.  It 
was  apparent  from  this  that  the  water  obtained  had  percolated  through 
the  shale  and  sandstone  which  overlay  this  formation,  until  it  met  this 
rock,  which  stopped  its  progress  downward,  and  that  as  soon  as  an 
opening  was  made  it  sought  its  level.  While  working  in  this  stratum 
with  a  reduced  stroke  two  side-cutters  were  broken,  and  the  drill  and 
side-cutters  had  to  be  renewed  fifteen  times.  I  would  state  here  what 
experience  has  taught  us  in  reference  to  working  through  these  hard 
seams  of  rock.  The  best  method  is  to  use  the  drill  first  with  the  full 
stroke  of  20  inches — this  can  be  done  in  the  hardest  rock  without  mate- 
rially damaging  it — and,  after  you  have  pierced  the  stratum,  to  enlarge 
the  hole  with  the  side-cutters  at  a  reduced  stroke.  The  progress  made 
this  month  was  only  40  feet  and  II  inches. 

I  was  absent  during  the  month  of  December,  and  my  knowledge  of 
the  work  is  derived  from  the  daily  reports  of  the  machinist  in  charge. 
An  accident  occurred  on  the  8th.  One  of  the  rods  broke  in  the  well,  and 
the  whole  system  with  the  tools  had  to  be  raised  with  a  tool  made  for 
the  purpose.  At  the  depth  of  922  feet,  just  one  month  after  the  time 
that  water  had  been  obtained  in  November,  the  drill  opened  a  stream 
of  water  which  flowed  over  the  top  of  the  pipe,  furnishing  a  supply  of 
3,000  gallons  in  twenty-four  hours.  The  quality  of  the  rock  through 
which  this  water  flowed  could  not  be  ascertained,  as  all  the  boring-dust 
was  carried  off  subterraueously ;  but  this  proved  that  it  was  a  stream  of 
water,  as  it  had  an  outlet.  This  was  soft  water ;  and  the  fact  of  obtain- 
ing it  was  very  encouraging,  as  it  gave  us  hopes  of  reaching  a  stream 
of  greater  magnitude  which  might  furnish  an  adequate  supply  of  water. 
The  progress  made  this  month  was  63  feet  and  5  inches,  and  the  work 
done  was  very  satisfactory. 

A  series  of  accidents  interrupted  the  work  during  the  first  part  of  the 
monch  of  January.  Hardly  any  progress  was  made  until  the  8th,  some 
of  the  reports  reading  as  follows:  ** 2  inches  in  thirteen  hours,"  "10 
inches  in  fifteen  hours,'^  "  II  inch'es  in  fourteen  hours,'^  &c.  Now,  con- 
sidering that  six  men  and  a  steam-engine  were  at  work  constantly,  these 
nightly  reports  were  rather  discouraging  to  all  who  were  interested  in 
the  progress  of  the  well ;  but  perseverance  was  crowned  with  success, 
and  the  drill  finally  reached  the  soft  rock.  On  the  20th  of  the  month 
we  commenced  to  have  great  difi]culty  in  moving  the  pipe,  and  seven 
days  after  it  was  impossible  to  push  it  down  or  pull  it  up,  although  two 
liydranlic-pumps  of  fifteen  tons  capacity  were  used. 
The  progress  made  this  month  was  38  feet  and  4  inches,  and  the  well 
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was  piped  to  a  distance  of  950  feet  from  the  top.  As  we  could  move 
the  pipe  no  farther,  it  was  determined  to  resign  the  use  of  the  side-cut- 
ters and  to  continue  the  use  of  the  drill  until  the  caving  of  the  wall  of 
the  well  prevented  our  using  this  diameter  of  bore. 

In  February  the  number  of  working  hours,  which  had  been  increased 
in  order  to  keep  up  the  motion  of  the  pipe  as  long  as  possible,  and 
which  motion  tended  to  keep  it  loose,  were  reduced,  now  that  the  pipe 
had  become  stationary. 

The  drill  bored  without  tiie  side-cutters  in  this  reduced  time  the  same 
distance  as  when  the  work  was  continued  to  fourteen  hours  with  them. 
The  steel  ring  on  the  bottom  of  the  pipe  became  partially  detached  on 
the  23d,  when  it  was  cut  off  it  assumed  a  position  across  the  pipe, 
the  plane  of  the  ring  being  vertical. 

A  singular  occurrence  happened  at  the  instant  that  the  pipe  was 
freed  Arom  the  ring,  a  large  amount  of  gas  rushing  up.  When  the  bottom 
expanded,  being  relieved  from  the  confinement  exercised  by  the  ring, 
this  gas  escaped  to  the  interior  of  the  pipe  through  some  of  the  seams 
which  had  been  opened.  After  the  ring  was  removed  the  pipe  was 
pressed  down  10  feet,  notwithstanding  its  jagged  ends,  until  it  rested 
on  the  shoulder  in  the  well-hole  which  was  formed  by  the  drill  making 
a  smaller  bore  than  the  side-cntters  had  done. 

The  progress  made  this  month  was  48  feet  and  5  inches,  and  the  strata 
penetrated  was,  as  usual,  hard  rock,  sand  rock,  and  shale. 

We  commenced  work  in  March  by  cutting  off  the  projections  in  the 
bottom  of  the  pipe,  and  forcing  back  the  ragged  ends  against  the  walls 
of  the  well ;  on  the  third,  while  boring  at  a  depth  of  1,037  feet,  some 
part  of  the  free-falling  apparatus  broke  in  the  well,  and  the  whole  sys- 
tem of  rods  wedged  tightly  at  a  point  near  the  bottom  when  we 
attempted  to  raise  it.  This  was  the  most  serious  accident  that  had  ever 
happened,  as  the  rods  were  only  1  inch  square,  and  we  did  not  dare  to 
exert  much  force  to  extricate  them. 

As  the  system  of  rods  could  be  pushed  down  to  the  bottom  and  then 
raised  to  this  point,  we  concluded  to  attach  them  to  the  lever,  and  com* 
mence  a  churning-process  up  and  down  through  this  small  spaoe.  Fi- 
nally, to  our  great  relief,  the  distance  through  which  the  rods  oould  be 
worked  appeared  to  increase,  and  our  dread  of  failure  was  relieved. 
This  motion  was  continued  until  something  else  gave  way  below,  and 
the  whole  system  was  raised,  except  the  tongue  of  the  free-tailing  appa- 
ratus. It  was  this  tongue  which,  wedging  between  the  tool  and  the 
walls  of  the  well,  had  fastened  the  former  so  completely. 

An  accident  of  a  similar  character  happened  on  the  15th  ;  on  lower- 
ing the  pump  it  remained  fast,  and  could  not  be  moved.  After  trying 
the  steel-wire  rope  to  its  full  tensile  strength,  and  failing  to  stir  the 
pump,  we  used  the  rods ;  in  attempting  to  lift  it  with  them,  the  coupling 
on  pump-rod  broke  short  off,  and  left  the  pump  in  the  well ;  we  raised  it 
finally  by  using  the  hydraulic  pumps  and  the  rods. 

The  walls  of  the  well  commenced  caving  badly,  and  during  the  night 
of  the  24th  the  well  was  tilled  up  to  a  distance  of  4  feet  from  the  lN)t- 
tom.  The  progress  in  deepening  the  \Cell  was  slow,  as  it  took  a  long 
time  to  cleati  out  the  well  each  morning  before  the  drill  could  be  used ; 
and,  in  many  cases,  the  debris  had  been  settled  so  compactly  by  the  water, 
that  we  had  to  drill  through  it  before  the  pump  could  be  used  to  any 
advantage.  The  pump  was  now  used  more  than  the  drill,  and  on  the 
26th  the  steel-wire  rope  broke,  and  the  pump,  with  500  feet  of  the  rope, 
sunk  to  the  bottom  of  the  well.  It  was  ascertained,  on  remedying  this, 
that  the  steel- wire  rope  was  so  much  rusted  that  it  was  unfit  for  further 
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use.    The  progress  this  month  was  27  feet,  and  work  At  the  well  ceased 
for  the  want  of  money  to  carry  on  farther  operations. 

Drilling  without  piping  answered  for  80  feet,  bnt  at  the  depth  of  1,030 
feet  the  &ill  penetrated  a  stratum  different  from  any  previously  encoun- 
tered— one  indicating  a  volcanic  origin.  This  rock  presented  a  honey- 
combed appearance,  and  the  water  seemed  to  penetrate  its  pores ;  we 
thus  lost  an  auxiliary  in  the  pressure  of  the  water  against  the  sides  of 
the  well,  which  had  been  depended  upon  to  some  extent  to  prevent  the 
Trails  from  caving.  This  rock  absorbed  the  water  or  allowed  it  to  paea 
oflF,  and  the  walls  were  thus  relieved  from  the  pressure  of  thirty-three 
atmospheres.  As  this  caving  could  not  be  prevented,  and  as  no  further 
progress  could  be  made  while  it  continued,  there  was  evidently  no  ad- 
vantage to  l)e  gained  by  working  under  these  circumstances. 

It  was  now  necessary  to  adopt  one  of  two  plans  j  either  to  commence 
with  a  new  pipe  of  a  diameter  less  than  8  inches  and  to  manufacture 
tools  suitable  for  it,  or  to  put  in  a  piece  of  pipe  to  extend  from  the  bot- 
tom of  the  present  pipe  down  to  a  hard  stratum,  in  which'  there  would 
be  no  caving.  This  pipe,  which  is  called  a  "  last-pipe''  by  well-borers, 
must  be  provided  with  a  steel  ring  at  both  extremities ;  the  one  at  the 
bottom  would  be  required  to  furnish  a  solid  bearing  on  the  rock,  and 
the  other,  made  in  the  shape  of  a  funnel,  is  requisite  to  protect  the 
upper  edge  from  the  tools,  and  to  facilitate  their  introduction  into  the 
pipe. 

In  this  instance  it  would  have  to  be  at  least  110  feet  long  to  reach 
from  the  bottom  to  a  sound  part  of  the  pipe  now  in  the  well,  and  it 
should  not  exceed  in  its  internal  diameter  7j^  inches.  The  objection  to 
adopting  this  plan^  consisted  in  the  fact  that  it  might  prove  useless,  as 
we  could  not  tell  how  long  the  caving  of  the  walls  would  continue. 
After  lowering  the  last  pipe  and  boring  10  feet  farther  the  caving  would, 
in  all  probability,  recommence,  and  it  would  be  necessary  to  raise  and 
lengthen  this  pipe,  which  is  always  a  very  difficult  operation,  as  it  is  fun- 
nel-shaped and  enlarged  at  the  top.  If  we  could  keep  the  well-hole  clear 
of  debris  and  continue  to  drill  until  a  hard  stratum  of  rock  was  reached, 
then  the  length  of  the  last  pipe  to  be  inserted  would  be  a  known  quan- 
tity, and  this  plan  of  using  such  a  pipe  might  be  worthy  of  adoption. 

It  was  determined,  however,  to  employ  the  Urst  plan  as  the  safest 
and  most  economical.  But  before  we  could  commence  work  again  the 
following  articles  had  to  be  manufactured,  i.  e.,  1,150  feet  of  pipe,  and  a 
side  cutter-frame  of  a  new  pattern,  as  the  present  one  could  not  be 
reduced  in  diameter  without  weakening  it  too  much  ^  the  other  tools 
also  had  to  be  turned  down  to  fit  the  pipe. 

I  ordered  a  new  rope  for  the  pump,  and  directed  that  a  zinc  wire 
should  be  placed  in  the  core,  which  might  tend  to  prevent  the  oxida- 
tion of  the  steel  wires. 

A  difficulty  now  suggested  itself  to  us,  i.  e.,  that  the  old  steam-engine 
hitherto  used  could  not  do  the  work  much  longer,  unless  some  modifica- 
tion was  made  in  the  weight  of  the  rods  and  tools,  their  weight  being 
5,072  pounds.  It  was  determined  to  reduce  this  weight  by  substituting 
for  a  portion  of  the  rods  fir-poles  2i  inches  square.  As  long  as  these 
were  kept  well  oiled,  so  as  not  to  absorb  water,  they  would  act  as  floats 
and  lighten  the  whole  system  of  rods  and  tools,  enabling  us  to  continue 
the  work  without  incurring  the  expense  of  purchasing  a  new  engine. 
The  following  plan  of  saving  some  of  the  pipe  now  in  the  well  was  con- 
sidered worthy  of  trial.  The  well  is  doubly  lined  for  a  depth  of  550 
feet,  and  the  upper  portion  of  the  pipe — say,  500  feet — could  be  removed 
without  injury  to  the  well. 
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Now,  as  onr  new  pipe  cannot,  jadgiug  from  past  resalts,  reach  more 
than  500  feet  below  the  present  bottom  of  the  well,  the  new  pipe  might 
be  made  1,050  feet  long,  and  then  this  500  feet  of  old  pipe  could  be 
connected  with  it  by  a  taper  joint,  and  the  well  might  then  be  lined  for 
a  distance  of  more  than  1,500  feet  without  making  any  more  new  pipe 
than  the  quantity  already  mentioned.  We  attempted  to  carry  out  this 
idea,  and  made  a  tool  with  which  the  pipe  could  be  cut  through  at  any 
depth ;  but,  on  the  application  of  sufficient  force  to  move  it,  the  pipe 
broke  in  pieces,  the  rivets  which  held  the  different  joints  together  giv- 
ing way. 

Water  continues  to  flow  occasionally  over  the  top  of  the  pipe,  which 
is  2  feet  above  ground.  This  is  artesian  water,  for  its  character  is 
entirely  different  from  any  water  obtained  in  the  neighborhood,  and  it 
must  come  from  a  great  depth,  as  the  unusual  drought  of  this  season, 
due  to  the  small  rain-fall  of  last  winter,  would  prevent  mere  surface- 
water  from  rising  to  such  a  height. 

As  above  stated,  this  flow  is  remitting,  and  no  reason  can  be  assigned 
for  it ;  it  does  not  correspond  with  the  time  of  the  tides,  and  the  cause 
of  this  irregularity  must  be  at  some  distance  from  this  arsenal. 

As  the  well  is  sunk,  its  greater  depth,  from  time  to  time,  influences,  of 
course,  the  actual  progress  attained  in  a  given  time.  For  instance, 
when  the  work  is  continued  for  fourteen  hours  during  the  day,  eight 
hours  of  this  time  is  occupied  in  cleaning  out  the  well  and  raising  and 
lowering  the  tools,  leaving  only  six  hours  for  boring. 

The  time  occupied  in  the  different  portions  of  the  work  has  increased 
in  a  direct  ratio  to  the  distance  from  the  surface  at  which  the  work  is 
performed. 

When  we  discontiuijed  our  operations,  it  took  fifty  minutes  to  lower, 
and  one  hour  and  five  minutes  to  raise,  the  drill. 

The  progress  made  in  nine  months  this  year  is  greater  than  that 
made  in  either  of  the  previous  years. 

During  the  first  year  we  made  318  feet ;  in  the  second,  337  feet ;  and 
in  this  one  we  accomplished  very  near  400  feet. 

It  i»  impossible  to  arrive  at  any  definite  conclusion  in  regard  to  the 
success  of  our  work,  for  boring  a  well  in  this  country  is  very  similar  to, 
mining.  Here,  with  us,  all  nature  seems  to  have  suffered  an  upheaval 
from  some  great  volcanic  convulsion,  and  geology  is  at  a  loss  and  has 
no  data  on  which  to  predicate  results,  depending  upon  the  regular  for- 
mations of  strata  in  the  different  periods  of  the  world's  age. 

The  greatest  depth  to  which  an  artesian  well  has  been  bored  is  4,194 
feet.  It  was  sunk  to  this  depth  to  obtain  salt  for  the  inhabitants  of 
Prussia.  We  hope,  however,  to  attain  water  before  reaching  such  a  dis- 
tance. 

The  well  at  Qrenelle,  near  Paris,  cost  eight  years'  labor.  Its  depth  is 
only  1,806  feet,  and  it  yields  600,000  gallons  of  water  per  day. 

As  will  be  seen  by  this  report,  the  progress  of  the  well  at  this  arsenal 
compares  favorably  with  that  obtained  by  the  great  engineer  who  bored 
at  Grenelle,  and  we  therefore  feel  encouraged  to  continue  our  work, 
trusting  that  at  no  far  distant  day  we  too  may  reach  the  much  wished- 
for  result  of  our  labors,  and  obtain  a  supply  of  water  equal  to  his  in 
quantity. 

Kespectfnlly  submitted. 

J.  MCALLISTER, 
Lieutenant- Colonel,  Ordnance  Department. 

General  S.  V.  Ben6t, 

Chief  of  Ordnance,  WaMngton,  D.  C. 
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Appendix  D. 

Proceedings  of  flie  board  of  officers  convened  und^r  Special  Orders  ^^o.  120, 
A.  O.  0.,  1874,  on  infantry-equipments^  and  materials  and  supplies  neces- 
sary for  efficient  outfit  of  infantry -troops  iyi  fi^ld  and  garrison  ;  icith  the 
action  of  the  War  Department  thereon. 

Ordnance  Office,  War  Department, 

Washington^  May  27, 1874. 

Sir  :  Since  the  iutroduction  of  breech-loading  small-arms  asing  metal- 
lic ammunition,  and  of  a  caliber  different  from  that  in  use  during  the  late 
war,  the  subject  of  a  proper  equipment  for  the  infantry-soldier  has  been 
made  a  study  by  this  Department,  and  with  a  view  to  ultimate  perfec- 
tion in  design  and  manufacture,  and  to  increase  the  comfort  and  endur- 
ance of  the  soldier,  many  modifications  and  radical  changes  have  been 
tested  by  the  troops  in  the  field  during  the  last  few  years. 

It  is  believed  that  sufficient  dMta  and  experience  have  now  been 
gained  to  justify  the  appointment  of  a  board  of  infantry  officers  to  which 
this  data  and  the  results  of  this  experience  should  be  submitted  for 
consideration,  with  directions  to  recommend  the  adoption  of  an  equip- 
ment best  suited  to  troops  serving  as  infantry,  and  in  addition  deter- 
mine on  such  material  and  supplies  as  may  seem  necessary  for  the  effi- 
cient outfit  of  infantry  troops  in  the  field  and  garrison. 

If  the  appointment  of  such  a  board  is  authorized,  I  have  the  honor  to 
suggest  that  it  be  convened  at  some  frontier  infantry  post,  and  that  it 
be  composed  of  officers  who  have  had  extended  experience  in  the  use  of 
the  experimental  infantry  equipments  issued  under  the  recommenda- 
tions of  the  board  of  officers  convened  by  Special  Orders  433,  War  De- 
partment, Adjutant  General's  Office,  of  1871,  and  that  this  Office  be  au- 
thorized to  lay  before  the  board  all  reports,  patterns,  &c.,  that  maybe 
essential  to  a  proper  understanding  of  the  subjects  submitted  for  its 
consideration,  and  the  board  to  call  on  infantry  officers  for  such  further 
information  as  they  may  deem  uecessar\'. 

The  board  to  make  its  report  to  the  Chief  of  Ordnance. 
Very  respectfully,  your  obedient  servant, 

S.  V.  BENfiT, 
Acting  Chief  of  Ordnance. 

The  Hon.  the  Secretary  of  War. 


JOURNAL  OF  board. 

Proceedings  of  a  hoard  of  officers  convened  at  Fort  Leavenworth,  Kansas 

by  virtus  of  the  following  order  : 

[Special  Orders  No.  120.— Extract] 

War  Department,  Adjutant  General's  Office, 

Wa^hingtonj  June  1,  1874. 

14.  A  board,  to  consist  of  Lieut.  Col.  W.  R.  Shafter,  Twenty-fourth 
Infantry;  Lieut.  Col.  A.  McD.  McCook,  Tenth  Infantry;  Lieut.  Col. 
Thomas  C.English,  Second  Infantry;  Maj.  Alexander  Chambers,  Fourth 
Infantry ;  Captain  M.  H.  Stacey,  TwelClh  Infantry,  is  appointed  to  meet 
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at  Fort  Leavenworth,  Kansas,  on  the  1st  day  of  Jaly,  1874,  or  as  soon 
thereafter  as  practicable,  to  consider  and  report  upon  the  sabject  of  a 
proper  equipment  for  the  infantry-soldier,  and  to  recommend  the  adop- 
tion of  an  equipment  best  saited  to  troops  serving  as  infantry,  and  in 
addition  to  determine  on  such  material  and  sapplies  as  may  seem  nec- 
essary for  the  efficient  outfit  of  infantry-troops  in  the  field  and  garrison. 

The  Chief  of  Ordnance  is  authorized  to  lay  before  the  board  all 
reports,  patterns,  &c.,  that  may  be  essential  to  a  proper  understanding 
of  the  subjects  submitted  for  its  consideration,  and  the  board  is  author- 
ized to  call  on  infantry  officers  for  such  further  information  as  they  may 
deem  necessary.  The  board  will  make  its  report  to  the  Chief  of  Ord- 
nance. 

The  junior  member  of  the  board  will  act  as  recorder. 

By  order  of  the  Secretary  of  War  : 

E.  D.  TOWN8EKD, 

Adjutant  Oeneral. 


Fort  Leavenw^orth,  Kans.,  July  1, 1874. 

The  board  met  pursuant  to  the  foregoing  order. 

Present,  Lieut.  Col.  W.  R.  Shafter,  Twenty-fourth  Infantry ;  Lieut 
Col.  A.  McD.  McCook,  Tenth  Infantry ;  Lieut.  Col.  Thomas  C.  English, 
Second  Infantry ;  Capt.  M.  H.  Stacey,  Twelfth  Infantry. 

Absent,  Maj.  Alexander  Chambers,  Fourth  Infantry. 

The  board  directed  the  recorder  to  apply  to  the  assistant  adjutant- 
general,  department  of  the  Missouri,  for  a  suitable  place  to  hold  its  ses- 
sions ;  also,  for  an  orderly,  a  clerk ;  and  then  adjourned  to  meet  to- 
morrow, July  2,  at  10  o'clock. 


FOBT  Leavenwobth,  Kan^.,  July  2, 1874. 

The  board  met  according  to  adjournment. 

Present,  Lieut.  Col.  W.  R.  Shafter,  Twenty -fourth  Infantry ;  Lieut. 
Col.  A.  McD.  McCook,  Tenth  Infantry ;  Lieut.  Col.  Thomas  C.  English, 
Second  Infantry  ;  Capt.  M.  H.  Siacey,  Twelfth  Infantry. 

Absent,  Maj.  Alexander  Chambers,  Fourth  Infantry. 

Communications  were  received  from  the  Acting  Chief  of  Ordnance, 
United  States  Army ;  First  Lieut.  George  H.  Palmer,  Sixteenth  In- 
fantry; Capt.  Thomas  M.  Deane.  ordnance  stoor-keeper,  Watervliet 
Arsenal ;  Capt.  J.  A.  Snyder,  Third  Infantry ;  Conrad  Blattner,  late  ser- 
geant Nineteenth  Infantry ;  First  Lieut.  James  Regan,  Ninth  Infantry, 
and  ordered  to  be  filed  for  future  reference. 

Awaiting  the  arrival  of  Major  Chambers,  the  board  adjourned  to  meet 
to-morrow  at  10  o'clock. 


Foet  Leavenworth,  Kans.,  July  3, 1874. 

The  board  met  pursuant  to  adjournment. 

Present,  Lieut.  Col.  W.  R.  Shafter,  Twenty-fourth  Infantry ;  Lieut. 
Col.  A.  McD.  McCook,  Tenth  Infantry :  Lieut.  Col.  Thomas  C.  English, 
Second  Infantry ;  Capt.  M.  H.  Stacey,  Twelfth  Infantry. 

Absent,  Maj.  Alexander  Chambers,  Fourth  Infantry. 

The  board  then  resolved  to  conduct  its  proceedings  in  the  following 
manner : 

1.  To  have  the  room  of  meeting  prepared  with  racks  and  appliances^ 
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80  that  all  patterns  of  eqaipments  Bubmitted  to  the  board  for  examiua- 
tion  may  be  at  all  times  exposed  in  the  room  whore  the  sessions  are 
held. 

2.  The  examination  of  all  patterns  of  equipments  submitted  to  the 
board. 

3.  Beading  and  an  examination  of  all  reports  from  officers,  soldiers, 
and  citizens  submitted  to  the  board. 

4.  A  practical  test  of  all  the  different  patterns  of  equipment  ex- 
amined. 

After  some  further  preliminary  business,  the  board  adjourned  to  meet 
on  Monday,  July  6,  at  10  o'clock. 


Fort  Leavenworth,  Kans.,  July  6, 1874. 

The  board  met  pursuant  to  adjournment. 

Present,  Lieut.  Ool.  W.  R.  Shafter,  Twenty-fourth  Infantry  ;  Lieut. 
CoL  A.  McD.  McCook,  Tenth  Infantry ;  Lieut.  Gol.  Thomas  C.  English, 
Second  Infantry ;  Oapt.  M.  H.  Stacey,  Twelfth  Infantry. 

Absent,  Maj.  Alexander  Chambers,  Fourth  Infantry. 

A  tele^am  was  received  from  Major  Chambers,  stating  that  he  would 
be  here  to-day. 

Also,  a  communication  from  Conrad  Blattner,  in  reference  to  his  kit. 
Submitted  to  the  board  and  filed. 

Also,  one  from  Capt.  J.  Ford  Kent,  Third  Infantry,  in  reference  to 
cartridge-boxes. 

Also,  one  from  Capt.  Clifton  Comly,  Ordnance  Department,  inclosing 
invoices  and  receipts  for  certain  articles  of  ordnance-stores  submitted 
for  the  inspection  of  the  board. 

Also,  one  from  A.  D.  Laidley,  informing  the  board  that  he  had 
shipped  by  express  a  model  of  his  revolving  cartridge-box. 

All  ordered  t/O  be  filed  for  future  reference. 

The  board  directed  that  a  communication  should  be  addressed  to 
First  Lieut.  S.  McKeever,  Second  Infantry,  requesting  him  to  furnish  a 
cartridge-box  of  the  same  pattern  as  that  already  presented,  but  of  a 
smaller  size,  to  contain  twenty  cartridges. 

The  board  then  proceeded  to  examine  in  detail  the  various  articles  of 
equipment  furnished  for  inspection,  a  description  of  which  is  hereunto 
appended,  and  then  adjourned  to  meet  to-morrow  at  10  o'clock. 


Fort  Leaven w^orth,  Eans.,  July  7, 1874 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Major  Chambers  submitted  a  statement  in  writing,  explanatory  of  his 
absence. 

The  board  continued  the  examinations  begun  yesterday,  and  then 
adjourned  to  meet  to-morrow  at  9  o'clock. 


Fort  Leavenworth,  Eans.,  July  8, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Lieut.  George  H.  Palmer,  Sixteenth  Infantry,  appeared  before  the 
board  and  exhibited  an  improved  neck-yoke  valise  and  haversack,  and 
gave  a  practical  exhibition  of  its  value  as  compared  with  others. 

The  board  continued  the  examination  and  discussion  of  the  articles 
of  equipment  presented  for  examination,  and  at  3.30  p.  m.  adjourned  to 
meet  to-morrow  morning  at  9  o'clock. 
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Poet  Leavenworth,  Kans.,  July  9, 1874. 

The  board  met  parsuant  to  adjoarumeut.    Present,  all  the  members. 

The  examinatiou  and  discussion  of  the  articles  of  equipment  pre- 
sented for  consideration  was  continued. 

Lieutenant  Palmer  was  again  before  the  board,  and  gave  a  further 
exhibition  of  his  equipment,  two  sets  of  which  were  afterward  sent  to 
the  commanding  ofiQcer  of  Fort  Leavenworth,  for  trial  among  his  men. 

A  circular  was  prepared,  requesting  commanding  officers  of  artillery 
and  infantry  regiments  to  give  their  views  relative  to  the  outfit  of  soldiers 
acting  as  infantry. 

The  board,  at  3.30  p.  m.,  adjourned  to  meet  at  9  o'clock  tomorrow 
morning. 


Fort  Leavenworth,  Kans.,  July  10, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. ' 

A  sample  of  cartridge-box  was  received  from  A.  D.  Laidley,  and  sub- 
mitted to  the  board.  Also,  a  pattern  knapsack-supporter,  from  D.  C.  W. 
Baxter ;  submitted  to  the  board ;  described  elsewhere. 

The  board  then  deliberated  upon  what  should  comprise  an  infantry 
soldier's  equipment  in  the  field. 

A  letter  was  addressed  to  the  Adjutant  General  of  the  Army,  asking 
what  was  intended  to  be  embraced  by  this  sentence,  in  paragraph  14,  S. 
O.  No.  120,  convening  the  board :  '^  and,  in  addition,  to  determine  on 
such  material  and  supplies  as  may  seem  necessary  for  the  efficient  out- 
fit of  infantry  troops  in  the  field  and  garrison." 

The  board,'  at  3.30  p.  m.,  adjourned  to  meet  to-morrow  at  9  a.  m. 


Fort  Leavenworth,  Kans.,  July  11, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  communication  was  received  from  Col.  N.  A.  Miles,  Fifth  Infantry, 
stating  that  he  had  no  competent  clerk  available  for  detail  for  the  board  -, 
whereupon  the  board  adopted  the  following  resolution: 

Resolved^  That  application  be  made  to  the  Adjutant  General  United 
States  Army  for  authority  to  hire  a  civilian  clerk. 

The  board,  at  2.30  p.  m.,  adjourned  to  meet  on  Monday,  July  13,  at 
10  o'clock. 


Fort  Leavenworth,  Kans.,  July  13,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  letter  was  received  from  the  Chief  of  Ordnance,  informing  the 
board  that  an  improved  cartridge-box  of  Lieutenant  McKeever  had 
been  forwarded  by  express. 

The  board  examined  reports  from  commanding  officers  of  infautrj- 
companies  on  new  ordnance-equipments,  and  at  4.30  p.  m.  adjourned. 


Fort  Leavenworth,  Kans.,  July  14, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  cartridge-box  of  Lieutenant  McKeever  was  received  and  pre- 
sented to  the  board. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  53 

A  recess  was  taken  by  the  board  for  an  hour,  to  remove  to  the  new 
place  of  meeting,  the  Quartermaster's  Department  needing  the  building 
occnpied,  for  storage  purposes. 

Resumed  the  examination  of  reports  from  officers  on  the  new  ord- 
nance-equipments. 

At  3.30  p.  m.  the  board  adjourned  to  meet  tQ-morrow  at  10  a.  m. 


Fort  Leavenworth,  Kans.,  July  15, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Resumed  the  examination  of  reports  from  officers  on  the  new  ord- 
nance-equipments. 

A  communication  was  received  from  Lieut.  James  Began,  Ninth 
Infantry,  forwarding  plans  and  specifications  for  a  new  cartridge-belt. 
Filed,  and  a  letter  addressed  to  Lieutenant  Regan,  requesting  him  to 
forward  a  sample  of  his  belt. 

There  being  no  facilities  at  Fort  Leavenworth  for  constructing  and 
remodeling  equipments,  the  board  resolved  to  send  the  following  tele- 
gram to  the  Adjutant  General  of  the  Army : 

'^No  facilities  here  for  construction  or  elaborating  plans.  Board  re- 
spectfully requests  authority  to  change  its  place  of  meeting  to  Water- 
vliet  Arsenal,  New  York." 

The  board,  having  no  further  business  before  it,  adjourned  to  meet 
to  morrow  at  10  a.  m. 


Fort  Leavenworth,  Kans.,  July  16, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
After  examining  documents  and  papers,  the  board,  at  3.30,  adjourned 
to  meet  to-morrow  at  10  a.  m. 


Fort  Leavenworth,  Kans.,  July  17, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  communication  was  received  from  the  Chief  of  Ordnance,  forward- 
ing a  cartridge-box  of  Lieutenant  Beilly,  Ordnance  Department.  Also, 
a  box  of  cartridge-boxes  from  Oapt.  Clifton  Comly,  San  Antonio 
Arsenal.  All  submitted  to  the  board.  A  locker,  prepared  under  the 
direction  of  Lieutenant-Colonel' McCook,  was  presented  to  the  board 
and  examined. 

At  3  p.  m.  the  board  adjourned  to  meet  to-morrow  at  10  a.  m. 


Fort  Leavenworth,  Kans.,  July  18, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  telegram  was  received  and  submitted  to  the  board  from  Maj. 
Thomas  M.  Vincent,  Assistant  Adjutant  General,  as  follows: 

"Secretary  of  War  approves  request  for  adjournment  of  board  to 
meet  at  Watervliet  Arsenal." 

The  following  resolution  was  then  adopted  by  the  board : 

With  the  approval  of  the  Secretary  of  War,  and  awaiting  the  receipt 
of  information  from  the  commanding  officers  of  artillery  and  infantry 
regiments,  called  for  in  circular  addressed  to  them  by  the  board  July  9, 
1874,  the  board  resolved  to  adjourn  to  meet  again  at  Watervliet 
Arsenal,  New  York,  August  19  proximo. 

There  being  no  further  business  before  it,  the  board  adjourned  to 
meet  as  above. 
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Watbrvleet  Arsenal,  West  Trot,  K  Y., 

Auffust  19, 1874. 

The  board  met  pursuant  to  adjournment    Present,  all  the  members. 

Communications  were  received  from  the  commanding  officers  of  the 
Fourth,  Eleventh,  Sixteenth,  Seventeenth,  Nineteenth,  Twentieth, 
Twenty-flrst,  ^nd  Twenty-flfth  Infantryj  which  were  submitted  to  the 
board,  and  ordered  to  be  filed. 

Also,  one  from  the  Adjutant  General's  Office,  in  reply  to  communica- 
tion from  the  president  of  the  board  of  July  10.  Also,  another  from 
the  same  source,  dated  July  25,  referring  to  clerk. 

Also,  communication  from  the  Ohief  of  Ordnance,  forwarding  reports 
from  the  field  on  new  infantry-equipments. 

Also,  special  reports  on  experimental  cartridge-boxes,  from  Gapt. 
Theo.  Schwan,  Eleventh  Infantry,  commanding  Company  Q-. 

Also,  letter  from  Lieutenant  Metcalfe,  Ordnance  Department,  refer- 
ring to  his  blocks. 

Also,  a  letter  from  J.  B.  King,  (formerly  first  sergeant  Company  K, 
Second  Infantry,)  forwarding  a  cartridge-box  of  his  invention. 

A  cartridge-pouch  (cavalry  pattern)  was  received  from  Captain  Deane, 
Ordnance  store-keeper,  Watervliet  Arsenal. 

The  boaid  then,  at  3  p.  m.,  adjourned  to  meet  to-morrow  at  10  a.  m. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

August  20, 1874. 

The  board  met  pursuant  to  adjournment.     Present,  all  the  members. 

The  board  then  proceeded  to  read  the  communications  received  from 
the  commanding  officers  of  the  Fourth,  Eleventh,  Sixteenth,  Seven- 
teenth, Nineteenth,  Twentieth,  Twenty-first,  and  Twenty-fifth  Infantry, 
and  to  discuss  the  recommendations  expressed  therein. 

A  new  intrenching- tool,  prepared  at  the  Springfield  Armory,  was  pre- 
sented for  the  inspection  of  the  board  by  (^^olonel  Hagner,  U,  S.  A. 

The  board  then  adjourned  to  meet  tomorrow  at  9  a.  m. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

August  21,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Some  experiments  were  tried  with  a  poncho,  shelter-tent,  and  blanket, 
prepared  under  the  direction  of  Lieutenant-Colonel  McCook. 

Several  reports  were  read  from  company  commanders  regarding  the 
new  infantry-equipments. 

The  board  then  adjourned  to  meet  tomorrow  at  9  o'clock. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

August  22,  1874. 

The  board  met  pursuant  to  adjournment    Present,  all  the  members. 

Various  experiments  were  tried  by  the  board  with  Palmer's  and  Sny- 
der's equipments  and  McKeever's  cartridge-boxes;  after  which  the 
board  adjourned  to  meet  on  Monday  morning  at  9  o'clock. 
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Watervlibt  Arsenal,  West  Troy,  N.  Y., 

August  24, 1874. 

The  board  met  pursuant  to  adjoarnmeDt.    Present,  all  the  members. 

The  session  of  the  board  was  confined  to  a  dlscassion  of  the  knapsack 
question,  and  various  experiments  with  the  Palmer  equipments ;  and 
then  adjourned  to  meet  to-morrow  at  9  a.  m. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

August  26, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  letter  was  received  from  the  Ordnance  Department,  informing  the 
board  that  the  report  of  the  infantry  board  of  the  English  army,  of  which 
Major-Oeneral  Ayres  was  president,  had  been  forwarded  ;  also,  the  pat- 
tern of  the  equipment  they  recommended  for  adoption.  Both  were  sub- 
sequently received  ^nd  submitted  to  the  board  and  discussed ;  after 
which  the  board  adjourned  to  meet  to-morrow  at  9  a.  m. 


Watervlibt  Arsenal,  West  Troy,  N.  Y., 

August  27, 1874 

The  board  met  pursuant  to  adjournment.     Present,  all  the  members. 

A  resolution  was  passed  by  the  board,  requesting  Col.  P.  Y.  Hagner, 
commanding  Watervliet  Arsenal,  to  have  constructed  three  double 
tbimble-belts,  (Hazen's,  I^o.  2,)  the  loops  in  one  to  be  of  russet-leather, 
of  another  plain  black  leather,  and  of  the  third  of  plain  black  leather 
lined  with  linen. 

The  board  then  adjourned  to  meet  to-morrow  at  9  a.  m. 


Watervliet  Arsenal,  West  Troy,  1^.  Y., 

August  2Sj  ISU. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  resolution  was  passed  by  the  board,  requesting  Col.  P.  V.  Hagner, 
commanding  Watervliet  Arsenal,  to  have  constucted  a  McKeever  cart- 
ridge-box, with  the  following  modifications :  To  be  lined  with  linen,  loops 
to  which  the  box  is  attached  to  the  belt  to  be  higher  up,  (as  marked,) 
and  a  small  exterior  pocket,  properly  secured,  to  contain  a  screw-driver. 

The  thimble- belts  were  received  and  discussed;  after  which  the  board 
adjourned  to  meet  to-morrow  morning  at  9  o'clock. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

August  29jlS7L 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  cartridge-box  was  received  irom  Private  Burbank,  Nineteenth  In- 
fantry, and  a  belt  from  Lieutenant  Began,  Ninth  Infantry,  and  sub- 
mitted to  the  board. 

Adjourned  to  meet  on  Monday  morning  at  9  o'clock. 
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WATERVL.IET  ARSENAL,  WEST  TROY,  N.  Y., 

August  31, 1874. 

The  board  met  pursuant  to  adjonrument.    Present,  all  the  members* 
A  communication  was  received  from  Gol.  D.  L.  Floyd-Jones,  com- 
manding Third  Infantry;  submitted  to  the  board  and  ordered  to  be 
filed. 

The  board  experimented  with  the  Palmer  yoke,  the  McKeever  cartridge- 
box,  and  the  Hazen  thimble- belt;  and  adjourned  to  meet  at  the  usual 
time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

Septe^nber  1, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  communication  was  received  from  Col.  W.  B.  Uazen,  commanding^ 
Sixth  Infantry,  on  the  subject  of  infantry-equipments,  which  was  sub- 
mitted to  the  board  and  ordered  to  be  filed. 

The  board  passed  a  resolution  requesting  Colonel  Hagner,  command- 
ing Watervliet  Arsenal,  to  have  the  following  articles  manufactured  for 
the  inspection  of  the  board : 

A  thimble-belt  of  regulation  length,  to  contain  forty  rounds  of  car- 
tridges, caliber  .45,  and  of  as  heavy  leather  as  the  sample  furnished. 
Also,  a  similar  belt  to  the  above,  the  thimbles  and  side  of  belt  to  which 
they  are  attached  lined  with  sized  canvas,  and  of  same  leather  in  weight 
as  cavalry  loop ;  sample  furnished.  Also,  a  sample  of  the  new  ordnance- 
equipment,  the  braces  to  be  curved  on  the  inner  line,  narrow  and  lighter^ 
without  valise. 

The  board  then  adjourned  until  9  a.  m.  tomorrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

September  2,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

The  board  passed  a  resolution  requesting  Colonel  Hagner,  command- 
ing Watervliet  Arsenal,  to  have  made  a  haversack  fitted  with  a  brass 
buckle,  and  increased  width  of  strap  with  metal  eyelets.  Also,  a  can- 
teen similarly  fitted. 

After  some  further  experiments  with  equipments,  the  board  adjourned 
to  meet  to-morrow  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

September  3,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Colonel  English,  who  was  absent  by  reason  of  sickness. 

The  thimble-belts  prepared  the  day  before  yesterday  were  presented, 
examined,  and  discussed.  Also,  the  haversack  and  canteen,  altered  as 
requested  yesterday. 

The  board  then  adjourned  to  meet  to-morrow  at  the  usual  hour. 
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WATEEVI.IET  Arsenal,  West  Troy,  N.  Y., 

September  4, 1874. 

The  board  met  pursuant  to  adjourn  men t.  Present,  all  the  members 
except  Golonel  English,  who  was  absent  on  account  of  sickness. 

The  board,  after  exi)erimenting  with  the  ordnance  brace-yoke,  adjourned 
to  meet  to-morrow  at  9  a.  m. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

September  5, 1874. 

The  board  met  pursuant  to  adjournment. 

Present,  Colonel  Shatter,  Major  Chambers,  and  Captain  Stacey. 

Absent,  Lieutenant-Colonel  McCook,  by  permission  of  the  board,  and 
Lieutenant-Colonel  English,  sick. 

The  board  having  no  special  business  before  it,  adjourned  to  meet  on 
3Ionday,  September  7,  at  9  o'clock. 


Watbrvliet  Arsenal,  West  Troy,  N.  Y., 

September  7, 1874. 

The  board  met  pursuant  to  adjournmejit. 

Present,  Colonel  Shafter,  Major  Chambers,  and  Captain  Stacey. 

Absent,  Colonel  McCook,  by  permission  of  the  board,  and  Colonel 
English,  sick. 

After  making  some  experiments  with  equipments,  the  board  adjourned 
to  meet  to-morrow  at  9  a.  m. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

September  8, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

The  session  of  the  board  was  devoted  to  experiments  with  infantry- 
equipments,  after  which  it  adjourned  to  meet  to-morrow  at  the  usual 
hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

September  9, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

A  telegram  was  received  from  Lieut.  George  H.  Palmer,  Sixteenth 
Infantry,  informing  the  board  that  he  had  shipped  by  express  an  im- 
proved set  of  his  equipments. 

After  reading  some  reports  from  various  officers  in  the  field,  the  board 
adjourned  to  meet  again  to-morrow  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y, 

September  10, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

The  board  unanimously  resolved  to  apply  to  the  Adjutant  General  of 
the  Army  for  an  order  to  have  Lieut.  George  H.  Palmer,  Sixteenth 
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iDfantry,  report  to  the  boards  to  explain  the  merits  of  the  brace-yoke 
and  equipments  invented  by  him.  A  letter  was  accordingly  written  to 
that  effect. 

Lieutenant  Metcalfe,  Ordnance  Department,  TJ.  S.  A.,  came  before 
the  board  to  exhibit  his  improved  cartridge- block  and  attachment, 
which  was  discussed,  and  Lieutenant  Metcalfe  invited  to  appear  before 
the  board  tomorrow  and  give  a  test  of  its  merits. 

The  board  then  acyourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

September  11, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

The  board  and  Lieutenant  Metcalfe,  Ordnance  Department,  experi- 
mented as  to  rapidity  of  fire  with  his  cartridge-block  and  attachment. 
For  further  experiment  it  was  resolved  by  the  board  to  request  the 
Ohief  of  Ordnance  to  instruct  the  commanding  ofiicer  of  Springfield 
Armory  to  have  prepared — 

Two  Springfield  rifles,  caliber  .45,  with  Metcalife's  cartridgeblock-strap 
attachment. 

Two  Springfield  rifles,  caliber  .45,  with  key  attachment 

Also,  1,000  of  Lieutenant  Metcalfe's  cartridge-blocks,  caliber  .45,  hold- 
ing 8  cartridges,  filled. 

Also,  1,000  of  Lieutenant  Metcalfe's  cartridge-blocks,  caliber  .45,  hold- 
ing 10  cartridges,  filled.    Also,  two  cartridge-boxes  for  each  gun. 

The  board  then  adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  K.  Y., 

September  12,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  letter  was  received  from  Lieutenant  Palmer,  stating  that  he  had 
shipped  an  improved  set  of  his  equipments. 

Pending  their  arrival,  the  board  adjourned  to  meet  Monday  morning, 
September  14,  at  9  oclock. 


Watervliet  Arsenal,  West  Trot,  K  Y., 

September  14,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  letter  was  received  from  J.  D.  Vermuele,  vice-president  Goodyear's 
India-Eubber  Olove  Manufacturing  Company,  addressed  to  the  com- 
manding officer  Watervliet  Arsenal,  asking  information  of  how  he  could 
submit  an  infantry-equipment  to  the  board.  The  recorder  was  directed 
to  inform  him,  and  invite  him  to  submit  a  sample  of  his  equipment  with- 
out delay. 

The  board  then  proceeded  to  discuss  the  subject  of  a  canteen-strap, 
and  passed  a  resolution  requesting  the  commanding  officer  Watervliet 
Arsenal  to  have  prepared  a  canteen-strap  six  inches  longer  and  one- 
third  wider  than  in  the  sample  furnished,  of  the  same  material,  to 
fasten  with  a  small  box-buckle,  eyelets  to  be  placed  in  the  strap  for 
about  one  foot,  and  to  be  made  twice  as  wide  in  the  flange.  Also,  a 
buckle  as  above  with  clamp  tongue,  strap  without  eyelets,  and  of  white 
webbing. 

The  board  then  adjourned  to  meet  again  to-morrow  at  the  usual  hour. 
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Watbbvlibt  Arsenal,  West  Troy,  N.  Y., 

September  15, 1874. 

The  board  met  pursaant  to  adjoarnment.    Present,  all  the  members. 
Two  sets  of  infantry-eqnipments  were  received  from  First  Lieat. 
George  H.  Palmer,  Sixteenth  Infantry,  and  submitted  to  the  board. 
Also,  samples  of  the  strap  and  buckles  ordered  yesterday. 
The  bnckles  were  returned  for  some  modifications. 
The  board  then  adjonrned. 

Watebvliet  Arsenal,  West  Tegy,  N.  T., 

September  16, 1874. 

The  board  met  parsa mt  to  adjoarnment.    Present,  all  the  members. 

8ome  experiments  were  made  with  the  new  equipments  submitted  by 
Lieutenant  Palmer,  and  after  some  discussion  of  their  relative  merits 
over  the  first  ones  submitted  by  this  oificer,  the  board  adjourned  until 
September  18,  to  meet  at  the  usual  hour. 


Watebvliet  Absenal,  West  Tboy,  N.  Y., 

September  18, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

A  resolution  of  the  board  requesting  the  commanding  ofScer  Water- 
Tliet  Arsenal  to  have  made  the  following  articles  was  passed: 

One  belt  and  plate,  similar  to  the  one  submitted. 

Two  small  double  loops  of  brass  wire,  i  inch  in  diameter,  to  be  fast- 
eued  into  each  slot  of  the  buckle;  loops  to  be  sufiicieutly  large  to  admit 
of  hooking  into  a  small  snap-hook. 

Four  sets  of  cartridge-loops,  each  to  contain  twenty  rounds  of  ammu- 
nition; caliber,  .45.  The  leather  for  the  loops  should  be  quite  as  heavy 
as  in  that  submitted }  the  outer  row  of  loops  to  contain  twelve  rounds, 
and  the  inner  eight. 

This  belt  and  plate  and  cartridge-loops  are  desired  as  a  model  to  be 
submitted  to  the  Chief  of  Ordnance  if  adopted  by  the  board. 

After  some  experiments  with  the  Palmer  brace-yoke,  the  board  ad- 
journed to  meet  to-morrow  at  9  a.  m. 


Watebvliet  Absenal,  West  Tboy,  X.  Y., 

September  19,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members* 
A  letter  was  received  from  the  Adjutant  General  United  States  Army^ 
stating  that  Lieut.  G.  H.  Palmer,  Sixteenth  Infantry,  being  en  route  to 
Kew  Orleans  with  his  company,  could  not  be  ordered  to  report  to  the 
board.  Mr.  M.  Y.  B.  White  came  before  the  board,  and  exhibited  a 
specimen  of  a  cartridge-box  invented  by  him,  which  was  experimented 
with.  The  inventor  took  his  box  away  to  make  some  improvements. 
The  board  then  adjourned  to  meet  on  Mouday  at  9  a.  m. 


Watebvliet  Aesenal,  West  Teoy,  N.  Y., 

September  21, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant  Colonel  McCook,  absent  by  permission  of  the  board. 

After  some  experiments  with  cartridge-boxes,  the  board  adjourned 
until  to-morrow  at  the  usual  time. 
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Watervliet  Arsenal,  West  Troy,  N.  Y,, 

September  22, 1874. 

The  board  met  parsuaDt  to  adjoarnment.    Present,  all  the  members- 
Mr.  Sherlock  came  before  the  board  and  exhibited  an  infantry -eqnip- 

ment,  in  reference  to  which  the  board  has  corresponded  with  Mr.  Ver- 

muele. 
Mr.  White  was  also  before  the  board  with  his  cartridge-box,  and 

some  experiments  were.tried  with  it  for  rapidity  of  fire,  which  were  not 

satisfactory. 
The  board  then  adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

September  23,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

The  session  of  the  board  was  devoted  to  experiments  with  infantry- 
equipments. 

The  commanding  officer  Watervliet  Arsenal  was  requested  to  make 
some  changes  in  the  canteen  and  haversack  straps. 

The  board  then  adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

September  24,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Colonel  English,  sick. 

The  session  of  the  board  was  devoted  to  experiments  with  infantry- 
equipments,  and  then  adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  W^est  Troy,  K  Y., 

September  25,  1874. 

The  board  met  pursuant  to  adjourment.    Present,  all  the  members. 

Experiments  with  infantry-equipments  continued. 

A  communication  was  received  from  Col.  Eilburu  Knox,  asking  in- 
formation how  to  present  a  shelter-tent  and  knapsack  for  the  inspection 
of  the  board.    Keplied  to,  giving  the  required  information. 

The  board  then  adjourned  to  meet  at  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

September  26,  1874. 
The  board  met  pursuant  to  adjournment. 

Present,  Lieutenant-Colonel  Shatter,  Lieutenant-Colonel  McCook,  and 
Captain  Stacey. 

Absent,  Lieutenant-Colonel  English,  by  permission  of  the  board,  and 
Major  Chambers,  sick. 

The  board  experimented  with  infantry-equipments,  and  then  ad- 
journed until  Monday,  September  28,  1874,  at  9  o'clock. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

Septe^nber  28, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 

except  Lieutenant-Colonel  English,  absent  by  permission  of  the  board. 

By  a  resolution  of  the  board,  the  commanding  officer  of  Watervliet 
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Arseoal  was  requested  to  have  prepared  for  the  inspection  of  the  board 
a  circular  canvas  waterproof  sack  of  the  following  dimensions : 

Length,  25  inches ;  circumference,  30  inches.  The  lower  head  of  the  bag 
to  be  circular  iu  shape,  and  sewed  in  on  each  side ;  two  straps,  3  inches 
long,  to  be  sewed  with  buckles  for  the  steady-straps.  Two  other  similar 
straps,  4  inches  apart,  near  the  inside  center,  into  which  the  straps  from 
the  back-pad  will  buckle.  The  top  end  of  the  sack  to  work  on  a  leather 
hinge,  with  a  strap  and  buckle  to  hold  it  in  place.  In  addition,  to  have 
three  loops,  one  on  each  side  and  one  directly  in  rear,  through  which 
the  top  or  upper  strap  will  pass  to  hold  the  sack  iu  its  place. 

After  further  experiments,  the  board  adjourned  to  meet  at  the  usual 
time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

Septeinher  29,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
Experimented  with  infantry  equipments,  and  then  adjourned. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

SepUmber  30,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  McGook,  absent  by  permission  of  the  board. 

Some  experiments  were  tried  with  the  Palmer  brace-yoke,  improved 
by  the  board,  and  also  with  the  sack  ordered  the  day  before  yesterday. 

Adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  1,  1874. 

The  board  met  pursuant  to  adjournment. 
Present,  Lieutenant-Colonel  Shafter  and  Captain  Stacey. 
Absent,  Lieutenant-Colonel  McCook,  by  permission  of  the   board; 
Lieutenant-Colonel  English  and  Major  Chambers,  sick. 
There  being  no  quorum,  the  board  adjourned. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  2,  1874. 

The  board  met  pursuant  to  adjournment. 

Present,  Lieutenant-Colonel  Shafter,  Major  Chambers,  and  Captain 
Stacey. 

Absent,  by  permission  of  the  board :  LieutonantCoIouel  McCook  and 
Lieutenant-Colonel  English. 

A  sample  knapsack  was  received  from  Sergt.  Patrick  Boland,  Com- 
pany C,  Nineteenth  Infantry,  and  submitted  to  the  board. 

After  discussing  it,  the  board  adjourned  to  meet  at  the  usual  hour  to- 
morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  3,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 
except  Lieutenant-Colonel  McCook,  absent  by  permission  of  the  board. 
Adjourned  to  meet  on  Monday,  October  5,  at  the  usual  hour. 
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Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  5, 1874. 

The  board  met  parsaant  to  adjournment.  Present,  all  the  members 
except  Lientenant-Golonel  McCook,  absent  by  permission  of  the  board. 

There  being  no  basiness  before  it,  the  board  adjourned  to  meet  at  the 
nsual  bonr  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N".  Y., 

October  6, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  McCook,  absent  by  permission  of  the  board. 

Some  experiments  were  tried  with  the  haversack,  and  the  board  ad- 
journed. 

Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  7, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  board  discussed  the  knapsack  question,  and  adjourned  to  meet 
at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  8,  1874. . 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Experiments  were  made  with  a  new  buckle  for  the  haversack  and 
canteen  straps,  suggested  by  Major  Chambers. 

Colonel  McCook  submitted  samples  of  knife,  fork,  and  spoon  that 
should  be  furnished  the  soldier  for  field-service. 

The  board  then  adjourned  to  meet  at  the  usual  hour  tomorrow. 


Watervliet  Arsenal,  West  Troy  K  Y., 

October  9 J  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Mr.  A.  W.  Sus  (29  Broadway,  N.  Y.,  room  13,  P.  O.  box  1116)  came 
before  the  board  and  presented  a  knapsack  of  his  invention,  and  exhib- 
ited the  merits  claimed  for  it.  It  was  discussed|  and  tried  in  various 
ways. 

The  board  then  adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  10,  1874. 

The  board  met  pursuant  to  adjournment    Present,  all  the  members. 

The  subject  of  the  haversack  was  discussed,  and,  pending  the  con- 
struction of  a  haversack  on  a  plan  suggested  by  Colonel  Shaflber,  the 
board  adjourned  to  meet  at  the  usual  bour  on  Monday,  the  12th. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  12,  1874. 

The  board  met  pursuant  to  adjournment. 

Present :  Lieutenant-Colonel  Shafter,  Major  Chambers,  and  Captain 
Stacey. 
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Absent :  Lientenant-Golonel  McGook  and  Lieatenant-Oolonel  English. 
The  articles  ordered  on  Saturday  not  being  ready  for  the  inspection 
of  the  board,  it  adjonrned  antil  to-morrow  at  the  asaal  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  13,  1874. 

The  board  met  pnrsnant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  Shafter,  absent  by  permission  of  the  board. 

Lieut.  C.  G.  MacConnell,  Fifth  Artillery,  came  before  the  board  and 
presented  a  cartridge-box  of  his  invention,  and  gave  an  illustration  of 
the  merits  claimed  for  it. 

The  board  examined  the  haversack  suggested  by  Colonel  Shafter, 
and  then  adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N".  Y., 

October  14,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  subject  of  the  haversack  was  discussed. 
Adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  15,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  communication  was  received  from  Hermann  Boker  &  Co.,  stating 
that  they  intended  to  present  samples  of  knives,  forks,  ^nd  spoons. 
Filed. 

Adjonrned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  16,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

A  communication  was  received  from  Bussell  Manufacturing  Com- 
pany, in  reference  to  knives,  forks,  and  spoons.    Filed. 

A  letter  was  written  to  James  W.  Schaumburg,  Philadelphia,  invit- 
ing him  to  present  his  infantry-equipments  for  the  inspection  of  the 
Board. 

Adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  17,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members.. 

Mr.  Johnson,  representing  Hermann  Boker  &  Co.,  of  New  York,  came 
before  the  board  with  samples  of  knives,  forks,  and  spoons,  which 
were  discussed. 

The  board  adjourned  to  meet  on  Monday,  October  10,  at  the  usual 
hour. 
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Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  19,  1874. 

The  board  met  pursaant  to  adjournment.    Present,  all  the  members. 
The  discassion  of  infantry-equipments  was  continued. 
Board  adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  20,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Oolonel  McCook,  absent  by  permission  of  the  board. 

Mr.  Johnson,  of  Hermann  Boker  &  Co.,  was  before  the  board  with 
samples  of  knives,  forks,  and  spoons. 

Adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  21,  1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  McGook,  absent  by  permission  of  the  board. 

Samples  of  knives,  forks,  and  spoons  were  received  from  the  Meriden 
Cutlery  Company,  and  from  the  John  Russell  Cutlery  Company. 

Adjourned  to  me^  to-morrow  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  22,  1874. 
The  board  met  at  the  usual  hour,  pursuant  to  adjournment.    Present, 
all  the  members. 

Pending  the  completion  of  certain  work  ordered  in  the  shops,  the 
board  adjourned  to  meet  to  morrow  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  23,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Lieut.  Henry  Metcalfe,  Ordnance  Department,  came  before  the  board 
and  presented  his  improved  cartridge-blocks  and  attachment. 

James  W.  Schaumburg  sent  his  cartridge-supporters  to  the  board,  all 
of  which  were  submitted. 

A  letter  was  addressed  to  the  Chief  of  Ordnance,  requesting  that  the 
further  construction  of  Lieutenant  Metcalfe's  cartridge-blocks,  holding 
ten  cartridges,  might  be  discontinued,  as  those  holding  eight  cartridges 
are  thought  to  possess  greater  merit. 

The  board  then  adjourned. 


TVatervliet  Arsenal,  West  Troy,  N.  Y"., 

October  24,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  board  experimented  with  Lieutenant  Metcalfe's  cartridge- blocks 
and  holders,  and  then  adjourned  to  m^et  on  Monday  at  9  a.  m. 
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Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  26,  1874. 
The  board  met  pursuant  to  adjournment    Present,  all  the  members 
except  Captain  Stacej,  absent  by  permission  of  the  board. 
The  discussion  of  infantry-equipments  was  continued. 
Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  27, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Colonel  Shafter  and  Captain  Stacey,  absent  by  permission  of  the 
board. 

The  discussion  of  infantry-equipments  was  continued. 

Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  28,  1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  discussion  of  infantry-equipments  was  continued. 
Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  29, 1S74. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

The  discussion  of  infantry-equipments  was  continued. 

Cutlery  received  from  J.  Eussell  Cutlery  Company,  Turner's  Falls, 
Mass.,  and  Charles  Parker,  Meriden,  Conn.,  was  returned,  by  order  of 
the  board. 

Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  30, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  discussion  of  infantry-equipments  was  continued. 
Adjourned  to  meet  at  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

October  31, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  discussion  of  infantry-equipments  was  continued. 
Board  adjourned  to  meet  Monday,  November  2. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  2, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 
except  Lieutenant-Colonel  English,  absent  by  permission  of  the  board. 
The  discussion  of  infantry-equipments  was  continued. 
Board  adjourned  to  meet  to-morrow  at  the  usual  time. 
5  o 
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WATERVLDBT  ARSENAL)  WEST  TROY,  N.  Y., 

yavember  3, 1874. 

The  board  met  parsnant  to  adjoarnment.  PreBent,  all  the  members 
except  LieutenantOolOnel  Shafter  and  Lientenant-Oolonel  English,  ab- 
sent by  permission  of  the  board. 

The  discussion  of  infantry-eqaipments  was  continued. 

The  board  adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  4, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 
except  Captain  Stacey,  sick. 
The  discussion  of  infantry-equipments  was  continued. 
Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  5, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

Mr.  Sherlock  came  before  the  board  and  presented  another  sample  of 
his  knapsack  and  appendages,  which  was  experimented  with  by  the 
members  of  the  board. 

Mr.  J.  D.  Vermuele  was  also  before  the  board,  and  was  requested  to 
furnish  sample  of  India-rubber  poncho. 

Board  adjourned  to  meet  to-morrow  at  the  usual  time. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 
9  November  6, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 

The  discussion  of  infantry-equipments  was  continued  and  various 
experiments  tried,  after  which  the  board  adjourned  to  meet  at  the  usual 
hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  7, 1874. 

7he  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
The  discussion  of  infantry-equipments  was  continued. 
The  board  then  adjourned  to  meet  on  Monday,  November  9,  at  the 
usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  9, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members. 
Mr.  Waters,  builder  of  paper  boats,  came  before  tne  board  and  pre- 
ficnted  a  sample  knapsack,  which  was  submitted  and  discussed. 
The  board  adjourned  to  meet  again  to*morrow. 
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Watebvliet  Aesenal,  West  Teoy,  K.  Y., 

November  10, 1874. 

The  board  met  porsaant  to  adjonrnment    Present,  all  the  members. 
The  board  then  proceeded  to  vote  that  the  following  be  recommended 
for  adoption  as  the  proper  eqoipment  of  an  infantry-soldier : 

1.  Waist-belt  and  plate  of  a  pattern  submitted  by  Col.  P.  V.  Hagner, 
commanding  Wateivliet  Arsenal. 

2.  The  bayonet-scabbard  as  now  furnished  except  when  trowel-bayonet 
is  carried,  when  the  bayonet-scabbard  shall  be  of  the  pattern  manufac- 
tured by  the  Ordnance  Department. 

3.  The  cartridge-box  invented  by  First  Lieut.  Samuel  McKeever, 
Secbnd  Infantry,  as  modified  and  improved  by  the  board. 

4.  The  canteen  submitted  by  the  Ordnance  Department,  with  the  im- 
provements in  strap  and  buckle  made  by  the  board. 

5.  The  haversack  with  adjustable  strap,  manufactured  under  direc- 
tions of  the  board,  containing  knife,  fork,  spoon,  meat-can  and  plate 
combined,  and  tin  cup ;  to  be  worn  either  over  the  right  shoulder  or  at- 
tached to  the  brace-yoke. 

6.  The  Palmer  brace-yoke.  Pending  discussion  on  this  the  board 
adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watebvliet  Arsenal,  West  Troy,  N.  Y., 

November  11, 1874. 

The  board  met  pursuant  to  a^ournment.  Present,  all  the  members 
except  Lieutenant-Colonel  Shafter,  absent  by  permission  of  the  board. 

Pending  th^  completion  of  some  work,  ordered  in  the  shops,  the  board 
adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watebvliet  Arsenal,  West  Tboy,  N.  Y., 

November  12, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  Shafter,  absent  by  permission  of  the  board. 

The  Palmer  brace-yoke  and  appendages  were  adopted  as  a  part  of  the 
infantry-soldier's  equipment. 

Adjourned  till  to-morrow  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  13, 1874. 

The  board  met  pursuant  to  adjonrnment.  Present,  all  the  members 
except  Lieutenant-Colonels  Sliafter  and  McCook,  absent  by  permission 
of  the  board. 

The  commanding  officer  of  Watervliet  Arsenal  was  requested  to  have 
manufactured  a  Palmer  brace-yoke  and  appendages  as  modified  by  the 
board. 

Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  14, 1874. 

jQie  board  met  pursuant  to  adjournment.  Present,.all  the  members 
except  Lieotenant-Colonel  Shafter,  absent  by  permission  of  the  board, 
and  Lieutenant-Colonel  English,  sick. 

Paiding  completion  of  work  in  shops,  the  board  adjourned  to  meet 
on  Monday^  November  16,  at  the  usual  hour. 
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Watervliet  Arsenajl,  West  Troy,  N.  Y., 

November  16, 1874. 

The  board  met  parsaant  to  adjournment.    Present,  all  the  members. 

The  subject  of  swords  for  company-sergeants  was  discussed,  and  the 
board  decided  to  recommend  that  they  be  no  longer  carried. 

It  was  also  decided  that  Oapt.  J.  W.  Piper's  trowel-bayonet  scabbard 
is  not  suitable  for  adoption  in  the  military  service. 

Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  K  Y., 

Koveniber  17, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

A  request  was  made  to  the  commanding  officer  of  Watervliet  Arsenal 
to  have  a  model  locker  made,  of  the  following  dimensions:  10  by  10  by 
22 ;  strap-hinges  tor  lid  ;  chest-lock  ]  made  of  pine  or  white- wood. 

The  board  decided  to  recommend  that  a  box  of  cleaning-material, 
similar  to  the  sample  furnished  from  the  National  Armory,  Springfield, 
be  supplied  to  each  company,  with  the  following  modifications : 

2  quart  cans  of  anti-corrosive  and  lubricating  oil. 

1  box  (holding  forty  ounces)  sconring-material,  marked  I. 

1  box  (containing  sixteen  ounces)  polishing-material  for  leather, 
marked  JI. 

1  box  (holding  forty  ounces)  whiting. 

1  chamois-skin,  about  2  feet  square. 

1  wire  scratch-brush. 

The  board  then  adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Trot,  N.  Y., 

November  18, 1874. 

.  The  board  met  pursuant  to  a^ournment  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

The  model  of  the  equipments  having  been  completed,  application  was 
made  to  Col.  P.  Y.  Hagner,  commanding  Watervliet  Arsenal,  to  detail 
Lieut.  John  Pitman,  Ordnance  Department,  to  photograph  them. 

Adjourned  to  meet  at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  19, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 
except  LieutenantColonel  English,  sick. 
Lieutenant  Pitman  engaged  photographing  models. 
Adjourned  to  meet  at  the  usual  time  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  20, 1874. 

The  board  met  pursuant  to  adjournment.    Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 
A  telegram  was  received  from  the  Chief  of  Ordnance,  requesting  the 
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board  uot  to  adjoam  sine  die  until  hearing  from  bis  Office,  as  other  mat- 
tres  might  be  referred  to  it. 

While  the  final  report  is  being  prepared,  the  board  adjourned  to  meet 
at  the  usual  hour  to-morrow. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  21, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English  and  Major  Chambers,  sick. 

There  being  no  business  before  the  board  ready  for  its  action,  ad- 
journed to  meet  on  Monday  morning,  November  23,  at  the  usual  hour. 


Watervliet  Arsenal,  West  Troy,  N.  Y., 

November  23, 1874. 

The  board  met  pursuant  to  adjournment.  Present,  all  the  members 
except  Lieutenant-Colonel  English,  sick. 

A  communication  was  received  from  the  Chief  of  Ordnance,  request- 
ing information  as  to  whether  it  was  necessary  for  Capt.  J.  W.  Piper, 
Fifth  Artillery,  to  appear  before  the  board  to  explain  the  merits  of  his 
trowel-scabbard.  The  board  directed  that  it  be  respectfully  returned, 
with  the  following  indorsement: 

Eespectfully  returned. 

The  following  is  an  extract  from  the  proceedings  of  the  board  in 
regard  to  the  trowel-scabbard  of  Capt.  J.  W.  Piper,  Fifth  Artillery  : 

"  Not  regarded  as  suitable  for  adoption  in  the  military  service."  It 
will  not,  therefore,  be  necessary  for  Captain  Piper  to  appear  before  the 
board. 

A  communication  was  received  from  the  Chief  of  Ordnance  in  refer- 
ence to  the  desirability  of  providing,  for  the  infantry-arm  of  the  service, 
a  cart  similar  to  the  one  recommended  for  the  cavalry.  Pending  dis- 
cussion on  this  subject,  the  board  adjourned  to  meet  to-morrow  at  the 
usual  hour. 


Watervliet  Arsenal,  West  Troy,  N,  Y., 

November  24,  1874. 

The  board  met  pursuant  to  adjournment. 

Present,  Lieutenant- Colonel  Schafter,  Lieutenant  McCook,  and  Cap- 
tain Stacey. 

The  following  letter  was  addressed  to  the  Chief  of  Ordnance : 

^^  Your  communication  of  the  2Ist  has  been  received  and  submitted 
to  the  board  on  infantry-equipments.  The  subject  of  an  infantry-cart 
has  been  considered  and  frequently  discussed,  but  the  board  are  of  the 
opinion  that,  while  at  times  such  a  vehicle  might  be  useful,  there  are  so 
many  objections  that  can  be  urged  against  it  that  they  do  not  recom- 
mend its  introduction." 

The  following  letter  was  also*  addressed  to  the  Adjutant  General, 
United  States  Army : 

*'  The  board  on  infantry-equipments,  convened  by  paragraph  14,  Spe- 
cial Orders  120,  from  your  Office,  dated  Washington,  June  1, 1874,  hav- 
ing completed  the  duty  assigned  it,  in  accordance  with  a  telegram  from 
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the  Chief  of  Ordnance,  dated  November  20, 1874,  await  farther  instruc- 
tions.'' 

After  signing  a  fair  copy  of  the  report  to  the  Chief  of  Onlnance,  the 
board  adjourned  to  meet  at  the  call  of  the  president. 

M.  H.  STAGEY, 
Captain  Twelfth  Infantry ^  Bvt  Lieut.  CoL^  U.  8.  A., 

Recorder  of  the  Board. 


Waxeevlibt  Aesenax,  West  Troy,  N.  T., 

December  2, 1874* 

The  board  on  infantry -equipments  met  at  the  call  of  the  president. 
Present,  Lieutenant-Colonel  Shafter  and  Captain  Btacey. 
The  following  order  was  submitted : 

[Special  Orders  No.  258.— Extract.] 

Wab  Depaetment,  Adjutant  Genebal^s  Office, 

JVa^hingtoHj  November  16, 1874. 

1.  The  board  on  infantry-equipments,  &c.,  appointed  by  paragraph 
14,  Special  Orders  No.  120,  June  1, 1874,  from  this  Office,  and  now  in 
session  at  Water vliet  arsenal,  N.  Y.,  having  completed  its  duties,  is 
dissolved. 

The  officers   composing  the   board,  except  the  recorder,  will  join 
their  proper  stations. 
By  order  of  the  Secretary  of  War : 

E.  D.  TOWNSEND, 

Adjut4int  OencraL 

In  accortlance  with  the  above  orders  the  board  adjourned  sine  die. 

W.  K.  SHAFTER, 
Lieut  CoL  Ttcentyfourth  Infantry j  Preiident  of  the  Board. 
M.  H.  Stagey, 

Captain  Twelfth  Infantry j  Bvt  Lieut  Colj  U.  S.  A.,  Recorder. 


Letters  and  communications  received  hy  the  hoard  on  infantry-equipments^  convened  by  Special 
Orders  2io.  120,  from  Adjutant  OeneraVs  Offioef  Washington^  J),  C,  dated  June  1,  lt^4. 


File  refer* 
ence. 


Xo.  1 

No.  2 
Xo.  3 
No.  4 
Xo.  5 
No.  6 
No.  7 

Na  8 
No.  9 
No.  10 

No.  11 
No.  12 

Nal3 

No.  14 


Date  of 
receipt. 


I 


Writer's  name. 


1874. 
July 

Jnly 
July 
July 
July 
July 
July 


2 
2 
2 
6 
6 
6 


Jnly 
July 
Jnly 

July 
July 

July 

July 


6 
6 
6 

6 
6 


8 


Lieut  George  H.  Palmer,  Sixteenth 

Infantry. 
Capt  J.  A.  Snyder,  Third  Infiuitry. . 

do 

CoDzad  Blattuer 

do 

Lieut  H.  H.  Hnbbell,  First  Artillery 
AcUug  Chief  of  Ordnance 

A.D.Laidley 

Capt  J.  Ford  Kent,  Third  Infantry. 

First  Lieut  James  liegan,  Ninth 
Infantry. 

D.  W.C.Baxter 

Capt  C.  Comly,  Oi-dnance  Depart- 
ment. 

Capt  Thomas  M.  Deane,  ordnance 
store-keeper. 

Col.  G.  Pennypacker,  Sixteenth  In- 
fantry. 


Subject. 


Improved  infantry -cquipuieuts. 

Do. 

Beport  on  experimental  cartridge-boxes. 

Soldiers'  cleanin|[-kit. 

Improved  soldier  s  kit,  with  model. 

Keport  on  infantry-equipments. 

Gives  list  of  company  commanders  or- 
dered to  make  special  reports  to  board 
on  cartridge-boxes. 

Forwards  new  cartridge-box. 

Beports  on  cartridge-boxes. 

Beport  on  cartridge-box. 

Forwards  knapsack-supporter. 

Forwards  invoices  ana  receipts  for  ord- 
nance-stores shipped. 

Forwards  invoice  or  ordnanoe-storos  ftom 
Watervliet  Arsenal. 

Introduces  to  bonnl  Lieutenant  Palmer. 
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LeUer$  and  communioa^nB  received  (y  the  board  on  infantirjf'equipmenia,  ^c— Cojitiiiued. 


derefer- 
ence. 


Nal5. 
Xal€ 
Xal7. 
No.  18. 


NaW ' 

yo.» 

Xaai 

Xaa 

X<kO 

XaM..:.. 
Xa25 


XaSS. 

Xa27. 
Xa88. 


I 


Date  of 
receipt 


1874. 
July    9 

Jaly  11 

July  11 

July  13 

July  14 

July  15 

July  16 

Ju]y  16 

July  17 

July  17 

Jaly  18 

Jaly  18 

Au|;.  19 
Aug.  19 


Writer's  name. 


Capt.  B.  F.  Rittenhooae,  Fiah  Artil- 
lery. 

Stoart  Sl  McCalr,  qoartermaster's 
agents. 

Lieut.  WiUiam  Bi4>1iall,  Eleventh 
Infantry. 

General  S.  Y.  Ben«t,  CUef  of  Ord- 
]>anoe. 

Capt.  R.  Xagent,  Thirteenth  In- 
atntry. 

First  Lieut  James  Began,  Ninth 
Infkntry. 

First  Lieut  G.  W.  Baird,  adlotant 
Fifth  Infantry. 

Firflt  Lieut  Hen^  Romeyn,  Fifth 
Infantry. 

General  S.  Y.  Ben^t,  Chief  of  Ord- 
nance. 

do 


Capt  H.  E.  Stansbury,  Nineteenth 

ufSsntry. 
M%j.  T.  it  Yincent,  assistant  a^u- 

tanteeneraL 

do 

do 


NaS3 Aug.  19 


No.  30. 
Xa31. 


Aug.  19 
Aug.  19 


Xo.32 

Na33 

Nok34....«w 

Xa35 

Na36 

Na37 

Xa38 

Na39 

Xa40 

Na4l 


Xo.42. 
Xoi43. 

Xo.44. 

Xa45. 

Xa4«. 
Xa47. 


Xa48.....* 
Xa49 


Xo.50. 


Aug. 

19 

Aug. 

19 

Aag. 

19 

Aug. 

19 

Aug. 

19 

Aug. 

19 

Aug. 

96 

Aug. 

26 

Aug. 

26 

Aug. 

26 

Sept 

8 

Sept  15 

Sept  15 
Sept  Id 

Sept 

19 

Sept 

85 

Oct 

9 

Oct 

10 

Oct. 

1 

15 

Lieut  Henry  Metcalfe,  Ordnance 
Department 

Capt  Tfaonaa  M.  Deane,  ordnance 

store-keeper. 
T.  M.  Yincent,  assistant  adjutant 

generaL 

Capt  J.  W.  Clous,  Twenty-fourth 
ln£uitry. 

Capt.  R.  A.  Torrey,  Thirteenth  In- 
fantry. 

First  Lieut  James  Began,  Ninth 
Infantry. 

Lieut.  George  H.  Palmer,  Sixteenth 
Infantry. 

Capt  L.  Lorain,  Third  Artillery 


Capt  Theodore  Schwan,  Eleventh 
Infantry. 

Capt  Henry  M.  Smith,  Twenty-Ant 
Infantry. 

Lif^ut  Creorge  W.  McKee,  Ordnance 
Department 

Lieut  G.  W.  HcKee,  Ordnance  De- 
partment 

R  D.  Towusend,  A^ntant General.. 


Lieut  F.  L.  Dodge,   Twenty-third 

Infantry. 
Lieut  George  H.  Palmer,  Sixteenth 

Infantry. 

do 

Capt  R.  C.  Parker,  Twelfth  Infantry 


(General  R  D.  Townsend.  A^utant 
General. 


Kilbourn  Knox 


Sergt  P.  Boland,  Compapy  C,  Nine- 
teenth Infantry. 

Lieut  C.  C.  MaoConnell,  Fifth  Artil- 
lery. 


Hermsnn  Doker  &  Co. 


Subject 


Forwards  cartridge-box. 

Inclosing  bill  of  lading,  ordnance-stores. 

Forwards  invoice  of  ordnance-stores. 

Notifies  board  that  a  cartridge-box  firom 
Lieutenant  McKeever  has  been  for- 
warded. 

Reports  upon  cartridge-boxes. 

Forwards  drawing  for  cartridge-box. 

Forwards  plans  f6r  improvement  of  qoar. 

ters. 
Referring  to  common  and  shelter  tents. 

(Private.)    Explaining  ol^ect  of  board. 

Refers  letter  of  Lieutenant  Reilly  in 
reference  to  bis  cartridge-box. 

Transmits  cartridge-box  invented  by 
Private  Burbank. 

Telegram  for  board  to  adjourn  to  Water- 
vliet  arsenaL 

Refers  to  clerk. 

Defines  extent  and  meaning  of  paragraph 
14,  Special  Orders  120,  War  Depart- 
ment 

Inclosing  report  f^om  Capt  J.  C.  GlUnore, 
Twenty-fourth  In&ntry,  on  cartridge- 
blocks. 

Forwards  invoice  of  oariridg^-ponch. 

Defines  extei^  uid  meaningof  paragraph 
14.  Special  Orders  120,  War  Depart- 
ment (copy.) 

Reports  on  cartridge-box. 

Do. 
Forwards  model. 

Forwards  two  sets  of  infantry-equip- 
ments. 

In  reply  to  letter  of  July  13,  referring  to 
infantry-equipments. 

Reports  on  cartridge-boxes. 

Da 

Forwards  General  Ayres's  report  and 

sends  sample  by  express. 
Forwards  reports  from  the  field. 

Grants  antbority  to  transport  the  knap- 
sack of  (Corporal  Boland,  Nineteenth 
loCantry. 

Reports  trial  of  cartridge-boxes. 

• 

Forwards  infantry-equipments. 

Dou 

Details  Private  John  Pfeiifer  as  clerk  f6r 
the  board. 

States  that  Lieutenant  Palmer  cannot  be 
spared,  being  en  rouU  to  New  Orleans 
with  his  company. 

Asking  information  as  to  how  he  can  pre- 
sent a  knapsack  and  shelter-tent  com- 
bined. 

Submits  sample  of  knapsMk. 

States  his  intention  to  appear  befbre  the 
board  to  present  a  cartridge-box  of  his 
invention. 

Will  present  samples  of  knives,  forks, 
and  spoons. 
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Letters  and  communications  received  hy  the  hoard  on  if^fantry-equipments^  <fv.—  ContiQaed. 


File  refer- 
ence. 

Bate  of 
receipt. 

No.  51 

1874. 
Oct.    15 

No.  58 

No.  53 

Oct.    16 
Oct.    23 

No.  54 

Oct.    38 

No.  55 

Na56 

Oct    ii9 
Oct    30 

Na57 

No.  58 

Oct    30 
Nov.    2 

No.  59 

Na60 

Nor.    3 
Nov.    6 

Writer's  name. 


Jaroee   W.  Scbaamban:,    No.    872 
SoQth  Foarth  street  Philadelphia. 

Rassell  Alanafactaring  Company 

General   Rofas    Inguls,   assistant 
qaartermaater  general. 


Col.  P.  V.  Hagner,  Ordnance  Depart- 
ment 

do 

General  S.  V.  Ben6t,  Chief  of  Ord- 
nance. 

Hermann  Boker  &  Co 

Col.  L.  C.  Easton,  assistant  quarter- 
master general. 

C.S.  Sanders 

General  M.  C.  Meigs,  Qoartermaster 
General. 


Subject 


Infantry -equipments. 

Knives,  forks,  and  spoons. 

Acknowledges  receipt  of  request  of  board 
for  blanket  and  shelter-tent,  and  states 
that  letter  has  been  referred  to  Colonel 
Easton.  assistant  qoartermaster  gen- 
eral, Philadelphia. 

Befers  letter  of  G.  K.  Sheridan,  referring 
to  cotton  duck. 
Do. 

Refers  letter  of  Capt.  James  W.  Piper  in 
reference  to  trowel-bayonet 

Sending  samples  of  cutlery. 

In  reference  to  Army  blanket  and  shelter- 
tent 

In  reference  to  cutlery. 

Informing  board  that  he  has  given  in- 
structions to  Colonel  Easton  to  farnlali 
blanket  and  shelter-tent 


Note. — The  foregoing  letters  and  communications  are  not  embraced  in  this  report    They  are  on  file 
in  the  office  of  the  Chief  of  Ordnance. 


DESCRIPTION  OF  INFANTRY-EQUIPMENTS  AND  PARTS  OF  EQUIPMENT  SUB- 
MITTED TO  A  BOARD  OF  OFFICERS  CONVENED  BY  PARAGRAPH  14,  SPE- 
CIAL ORDERS  120,  FROM  THE  ADJUTANT  GENERAL'S  OFFICE,  DATED  JUNE 
1,  1874.  PREPARED  BY  CAPT.  M.  H.  STAGE Y,  TWELFTH  INFANTRY,  RE- 
CORDER, 

Infantry-equipments  submitted  by  the  Ordnance  Department^  from  Water- 

vUet  Arsenal, 

One  set  accoaterments,  buff-leather  belts,  pattern  1850,  consistitig  of — 
1  cartridge-box. 
1  cap-pouch. 

1  cartridge-box  shoulder-belt. 
1  waist-belt  and  plate. 

1  bayonet-scabbard,  leather,  with  frog  attached. 
1  ^n-sling  for  musket;  cal.  .58i 

1  N.  0.  O.  sword  shoulder-belt.    (Double  frog  for  sword  a!id  bayonet- 
scabbard  and  plate.)  . 
1  N.  G.  O.  waist-belt  and  plate. 
1  K.  C.  O.  sword,  with  leather  scabbard. 


Infantry  equipments  submitted  by  the  Ordnance  Department^  from  Water 

vliet  Arsenal. 


One  set  of  accouterments,  grained-leather  belts,  pattern  of  1861,  con- 
sisting of— 
1  cartridge-box. 
1  cap-pouch. 

1  waist-belt  and  plate,  carrying  cartridge-box  and  cap-pouch. 
1  bayonet-scabbard,  leather,  with  frog. 
1  gun-sling. 
1  N.  C.  O.  waist-belt  and  plate,  and  frog  for  sword. 
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Description  of  infantryequipmenU  sent  from  Watervliet  Arsenal^  {pattern 

0/1872,)  consisting  of— 

1  pair  shonlder-braces,  slide  attachment. 

1  cartridge-box,  No.  1. 

1  cartridge-box,  No.  2. 

1  waist-t^lt  and  plate. 

1  valise. 

1  scabbard,  steel,  Hoffman's  attachment. 

1  pair  coat-straps. 

1  pair  steady  straps. 

1  haversack. 

1  canteen,  covered  with  petersham  cloth. 

1  meat- ration  can,  with  cup-cover. 

1  gan-sltng,  lengthened  for  mnsket,  pattern  1870. 

1  N.  C.  O.  sword-frog,  swivel  attachment. 

1  N.  C.  O.  sword,  steel  scabbard,  inside  guard-plate  reduced. 


Additional  experimental  parts  of  equipment  from  Watervliet  Arsenal^  con- 
sisting of— 

1  valise,  black-rubber  flap. 

1  valise,  petersbam-cloth  flap. 

1  valise,  seal-skin  flap. 

1  meat-ration  can,  6  by  6,  without  cup,  with  hinged  cover. 

1  meat-ration  can,  6J  by  8,  with  hinged  cover,  (proposed.) 

(A)  1  enameled-cloth  haversack. 

(B)  1  enameled-cloth  haversack,  with  tins. 

1  knapsack,  1  haversack,  1  canteen,  pattern  1860. 

(C)  1  cartridge-box,  cal.  .58,  with  tins  removed.  Holds  forty  cart- 
ridges, cal.  .50,  in  two  original  packages,  the  upper  one  to  be  emptied 
and  then  placed  at  bottom.    Could  also  be  fitted  for  cal.  .45. 

(D)  1  cartridge-box,  cal.  .58,  with  perforated  wooden  blocks  for  forty 
cartridges,  cal.  .50.    Could  be  fitted  for  cal.  .45. 

1  cartridge-box,  with  McGinness's  pattern  block  for  forty  cartridges, 
cal.  .50.    Could  be  fitted  for  cal.  .45. 

1  Butler  box.  No.  1,  curved,  for  nineteen  cartridges. 

1  Butler  box.  No.  2,  straight,  for  twenty  cartridges. 

1  Hazen's  belt,  No.  1,  for  forty  cartridges. 

1  Hazen's  belt,  No.  2,  for  forty  cartridges. 

1  Dyer  pouch,  with  sheep-skin  lining,  modified  cavalry  board  pattern, 
holding  forty  (cal.  .45)  cartridges. 

1  box,  carrying  one  oi'iginal  package  of  fifty  (cal.  .45)  cartridges,  to 
b3  replaced  as  emptied.    On  campaign,  two  boxes  may  be  used. 


Lieutenant  Palmers  army-equipments^  submitted  by  First  Lieut.  Oeorge  JT. 

PalmcTj  Sixteenth  Infantry. 

The  infantry-equipments  consist  of  carrying-braces,  coat-straps,  knap- 
sack, and  haversack,  the  whole  weighing  three  and  one-half  pounds. 
Bags  or  pouches,  with  water-proof  flaps,  are  used  for  knapsack  and 
bayersack.  The  haversack,  which  is  a  little  smaller  than  the  knapsack, 
is  carried  on  the  right  side,  the  knapsack  on  the  left  side. 
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The  carrying-braces  consist  of  a  back-pad  and  double  shoulder-straps 
— ^two  straps  for  each  shoulder. 

The  shoulder-straps  are  attached  to  the  back-pad  by  rivets,  so  as  to 
be  movable  on  their  fastenings.  The  back-pad  gives  additional  bearing- 
surface  for  the  weight  carried.  Its  shape  enables  the  shoulder-straps 
to  be  attached  in  such  a  manner  as  to  separate  them  on  the  back  and 
shoulders.  The  back-pad,  in  connection  with  the  shoulder-straps,  pre- 
vents the  weight  carried  from  pulling  directly  downward  on  the 
shoulders,  instead  of  which  it  tends  to  pc^  toward  the  center  of  the  back 
by  means  of  the  pad  supporting  a  portion  of  the  weight. 

Two  straps  are  attached  to  the  front  ends  of  each  shoulder-strap,  for 
supporting  the  front  corners  of  the  bags,  the  waist-belt,  and  cartridge- 
boxes. 

To  the  back-pads  are  fastened  riags  which  hold  the  blanket-straps. 
Two  straps  are  attached  to  the  pad,  for  supporting  the  rear  corners  of 
the  bags.  On  these  straps  is  a  double  loop,  which  may  be  moved  down 
or  np^  for  the  purpose  of  drawing  the  bags  together  at  the  back,  or  to 
permit  them  to  hang  at  the  sides. 

A  strap  looped  at  each  end  is  on  the  blanket-straps  and  passes  under- 
neath the  straps  supporting  the  bags,  for  the  purpose  of  holding  the 
blanket  more  firmly  in  place  when  marching  at  double  time.  At  the 
bottom  of  the  bags  are  straps  with  buckles,  for  drawing  the  bags  to- 
gether at  the  back  and  to  retain  them  more  firmly  in  place. 

The  equipment  is  put  on  by  holding  the  shoulder-straps  in  the  hands, 
the  bags  in  front  of  the  body,  flaps  to  the  rear,  and  swinging  them  round 
to  the  left  of  the  back,  at  the  same  time  turning  them,  the  left  arm 
passing  under  the  shoulder-strap,  the  right  hand  passing  over  the  head, 
and  under  the  right-shoulder  strap;  the  waist-belt  straps  are  then 
hooked. 


Accouternients  submitted  by  Capt,  J.  A,  Snyder,  Third  Infantry. 

DESCRIPTION. 

Snyder^s  slielterknapsack  is  composed  of— 

i  a  shelter-tent;  3  sections  of  a  tent-pole,  with  ferrules ;  1  extra  sec- 
tion suitable  for  top,  center,  or  bottom  piece;  1  bag,  for  clothing;  4 
small  tent-pins ;  1  guy-rope;  1  set  of  straps. 

By  combining  two  knapsacks  a  complete  tent  is  made. 

The  sections  of  the  tent-pole  are  secured  to  the  canvas  by  leather 
loops,  and  the  sections  of  the  pole  are  arranged  in  the  loops  in  the  shape 
of  a  square,  making  a  sort  of  frame  on  one  side.  The  4  plus  are  secured 
in  loops,  inside  of  the  sections  of  the  pole. 

The  canvas  bag  or  valise  is  very  similar  in  construction  to  the  new 
valise  furnished  by  the  Ordnance  Department. 

The  pack,  thus  formed,  has  two  straps  on  top,  to  which  may  be 
secured  the  overcoat,  blanket,  or  poncho.  The  whole  is  carried  on  the 
back,  well  up  on  the  shoulders,  by  means  of  a  broad  neck-yoke,  taper- 
ing down  toward  the  waist-belt.  About  half  way  between  the  shoulder 
and  waist  the  piece  forming  the  neck-yoke  terminates  in  two  straps,  one 
going  to  the  waist-belt  and  the  other  behind  under  the  arms,  hooking 
by  brass  loops  to  hooks  in  the  knapsacks.  The  knapsack  is  suspended 
by  a  ring  on  top  to  a  brass  hook  in  the  neck-yoke. 

Snyder^s  cartridge-pouches. — Made  to  accompany  the  knapsack  are 
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Snydei's  cartridge-poaches,  each  of  which  wiH  hold  about  thirty  rounds 
of  Springfield-rifle  ammunition,  (cal.  .45.) 

Attached  to  each  pouch  are  two  leather  loops,  through  which  the 
waist-belt  passes,  and  a  ring  by  which,  if  desired,  the  weight  of  the 
cartridges  can  be  transferred  from  the  waist  to  the  shoulders,  by  means 
of  a  light  strap  which  accompanies  the  pouches. 

When  the  knapsack  is  worn,  this  object  is  attained  by  attaching  to 
tbe  rings  the  straps  of  the  neck-yoke.  The  pouches  are  worn  in  front 
of  the  body,  and  almost  on  a  line  with  the  hollow  of  the  shoulders.  In 
this  position  they  are  convenient  for  use,  and  partly  connter-balance  the 
weight  of  the  knapsack  upon  the  back. 

Snyder's  bayonet-scdbhard  attachment — Snyder's  bayonet-scabbard  at- 
tachment consists  in  a  leather  loop  through  which  the  waist-belt  passes, 
and  which  extends  about  two  inches  below  the  belt.  In  this  extension 
a  place  containing  a  female  screw  is  fastened,  by  means  of  which  and  a 
small  brass  screw  the  scabbard  is  attached  to  a  loop. 


American  patent  ktmpsack,  submitted  by  A.  W.  Su^j  Xeic  Tork. 

^^  The  knapsack  is  brought  upon  the  soldier's  shoulders  in  the  regular 
manner.  By  this  new  system  of  strapping  the  weight  is  supported 
from  below.  In  fastening  the  small  upper  strap  to  the  first  hook  the 
knapsack  becomes  so  firmly  placed  on  the  shoulders  that  it  cannot  be 
forced  down  and  made  to  touch  the  back.  By  connecting  the  higher 
and  larger  straps  with  the  second  hook  the  knapsack  is  brought  higher 
upon  the  shoulders,  and  a  constant  change  in  the  bearings  of  the  weight 
can  be  produced,  to  the  great  relief  and  comfort  of  the  soldier. 

^<  I  farther  prodaoe  a  combination  of  knapsack  and  shelter-tent,  and 
thereby  obtain  a  considerable  saving  in  weight.  The  soldier,  when  not 
pitching  his  tent,  can  rest  upon  it  on  tbe  ground.  The  painted  part 
being  water-proof,  it  shelters  him  from  dampness  and  ulterior  sickness, 
while  the  endjs  of  the  tent  he  can  use  for  a  covering  and  the  inner  pocket 
for  his  pillow.  The  inner  pocket  is  to  receive  his  wearing-apparel ;  the 
rope  used  for  lacing  is  the  guy-rope  of  the  tent. 

^^  The  knapsack  part  is  large  enough  to  admit  the  folding  inside  of 
blanket,  overcoat,  &c.,  protecting  them  from  dampness,  and  consequent 
increase  in  weight.  Tbe  sticks  for  pitching  the  tent  are  added  in  such  a 
way  as  to  fold  around  tbe  inner  x>ocket,  doing  away  with  the  necessity 
of  a  wooden  frame. 

^'The  whole  forms  a  simple,  neat,  light,  and  perfect  knapsack. 

'^Ihave  added  to  the  knapsack  half-made  water-proof,  to  take  the 
place  of  the  large  India-rubber  poncho,  for  the  soldier  to  carry  over  his 
shoulder  in  a  rain-storm ;  but  it  is  more  important  to  sleep  upon,  as 
the  soldier  is  protected  from  the  damp  ground,  while  from  above  he  is 
sheltered  by  the  tent." 


Description  of  a  set  of  infantry-equipments  submitted  by  Mr.  Sherlockj  of 

New  York, 

This  consists  of  a  knapsack,  two  haversacks,  two  canteens,  with  waist- 
belt  and  straps  over  the  shoulder  to  support  knapsack,  &c. 
Knapsack  is  made  of  rubber  cloth,  with  light,  square  frame  of  wood 
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to  preserve  its  shape,  11  by  11  inches  and  4  inches  deep.  On  the  sides 
are  two  little  ponches  containing  square  canteens. 

Haversacks  are  two  little  sacks  suspended  on  each  side  of  the  body 
under  the  arms,  and  attached  to  brace-yoke  by  hooks. 

The  waist-belt  behind  Js  a  broad  piece  of  leather,  fitting  across  small 
of  back  and  supporting  bottom  of  the  knapsack.  The  blanket  is  rolled 
and  suspended  to  the  bottom  of  the  knapsack. 

Straps  to  waist-belt  terminate  in  brass  hooks,  adjustable  to  any  size 
by  means  of  leather  keepers. 

The  inventor  claims  for  this  equipment — 

1st.  Simplicity  of  adjustment. 

2d.  Equalization  of  weight  about  the  body. 

3d.  It  dispenses  with  straps  across  the  body. 

4th.  That  it  prevents  pressure  of  straps  under  the  arms. 

6th.  That  it  dispenses  with  the  haversack  and  canteen  straps  across 
the  body. 

6th.  The  broad  shield  of  leather  behind  prevents  knapsack  from  press- 
ing against  body. 

7th.  That  the  yoke  permits  weight  to  hang  plumb. 

8th.  Claims  superiority  over  other  devices  in  the  mode  of  adjusting 
and  regulating  the  hooks. 

9th.  Calls  attention  to  method  of  carrying  blanket,  hinging  weight 
low  down  on  the  back. 

10th.  Claims  lightness  and  substantiability  for  the  entire  equipment. 


Description  of  knapsack  submitted  by  Sergeant  Patrick  Boland^  Compaat/ 

C,  Nineteenth  Infantry, 

Body  of  knapsack  made  of  water-proof  material ;  (made'for  largest- 
sized  men,  14|  inches  square  by  4  inches  deep;)  sides  made  of  sole- 
leather,  to^give  necessary  ^stiffness.  Stay-straps  passing  entirely  round 
the  knapsack-box  proper;  side-straps  to  secure  blanket  when  rolled. 
The  shoulder-straps  are  secured  by'^buckle  on  one,  and  hook  and  loops  on 
the  other.  Blanket  is  carried  rolled,  and  secured  to  three  sides  of  knap- 
sack; overcoat  on  top. 

The  advantages  claimed  for  this  knapsack  are,  that  the  weight  car- 
ried is  more  equally  distributed ;  that  it  is  kept  close  to  and  inside  the 
line  of  gravity  of  the  carrier,  and  is  well  np  and  retained  close  to  the 
shoulders ;  it  is  readily  slung  and  unslung,  and  can  be  kept  more  neatly 
and  closely  than  those  in  use.  Knapsacks  could  be  made  of  four  sizes 
for  different-sized  clothing. 


Description  of  cartridge-belt  and  appendages  submitted  by  First  Lieut. 

James  Regan^' Ninth  Infantry, 

This  belt  is  intended  to  carry  from  thirty-five  to  forty  cartridges,  ar- 
ranged so  as  to  have  five  in  each  division.  The  thimbles ^are  sewed  to 
the  belt.  Between  each  division  of  five  cartridges  is  a  space  of  about 
half  an  inch,  designed  to  allow  the  covers  to  project  a  little  beyond  the 
extreme  cartridges  in  each  division.  In  one  of  these  spaces  is  a  11  ttle 
oblong  pocket,  like  a  spectacle-case,  for  screw-driver. 

In  the  second  space,  on  either  side  of  the  front  of  the  belt,  is  a  buckle, 
which  is  riveted  to  the  belt,  and  designed  to  fasten  the  cross-belts.    On 
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each  side  of  the  center  division  of  thimbles  on  the  back  part  of  the  belt 
are  two  other  buckles,  to  fasten  the  cross-belts  on  behind. 

To  each  division  of  five  cartridges  is  arranged  a  little  cover  for  the 
cartridges,  to  prevent  them  from  being  lost  by  dropping  out,  fastened 
by  a  small  brass  knob,  adjusted  to  the  center  thimble  of  each  division  of 
cartridges. 

A  strap  and  backle,  to  support  bayonet-scabbard,  is  sewed  on  inside 
of  the  belt  on  left  side.  The  cross-belts,  similar  to  suspenders  for 
trousers,  attached  to  the  waist-l^elt,  thus  taking  the  weight  entirely 
from  the  waist.  To  each  belt  is  an  adjustable  pad  of  leather,  of  an  oval 
shape,  fitting  over  the  shoulders.  The  cross-belts  are  arranged  to  carry 
a  blanket  and  a  change  of  under-clothing. 


Description  of  samples  of  cartridgehoxes  referred  to  the  hoard  by  the  Chief 

of  Ordnance  for  examination, 

Xo.  6080,  (1872.) — Cartridge-box  from  M,  Schuerin, 

Description. — Made  of  leather;  circular  in  shape ;  wooden,  perforated, 
circular  block,  working  on  a  rivet.  A  flap,  secured  by  a  button  on  the 
top,  gives  an  opening  from  which  the  cartridges  may  be  taken  from  the 
box.  It  may  be  carried  either  by  running  the  waist-belt  through  the 
loops  at  the  sides,  or  by  shoulder-straps.  Kot  regarded  as  possessing 
sufficient  advantages  for  adoption  in  the  military  service. 

Xo.  5398,  (1872.) — Cartridge-box  from  Sergeant  C,  Mongers, 

Description. — Made  of  leather;  circular  in  shape.  Has  an  outside 
pocket  for  screw-driver;  inside,  a  circular  perforated  block  of  cork, 
revolving  on  a  pivot ;  the  inside  of  the  box  lined  with  and  covered  by 
tin  slide ;  carried  on  right  side  by  straps  over  the  shoulder.  Not  re- 
garded as  possessing  sufficient  advantages  for  adoption  in  the  military 
service. 

Xo.  025,  (1874.) — Two  cartridge-boxes  from  Thompson  &  Son, 

Descripti4>n. — Made  of  leather ;  square-shaped;  reversible;  to  contain 
sixty  rounds  of  ammunition ;  double  flap — one  large,  one  small ;  carried 
on  waist-belt  on  two  loops,  which  may  be  reversed  by  unbuttoning  and 
turning  a  strap  on  the  side.  Not  regarded  as  possessing  sufficient  advan- 
tages for  adoption  in  the  military  service. 

No.  6642,  (1873.) — ^No.  1,  Cartridge-box  from  E.  J.  Burbank^  private  of 
Catnpany  K^  Nineteenth  Infantry. 

Description. — Made  of  leather ;  square  shaped ;  doable  flap ;  wooden 
l^erforated  blocks  to  contain  each  twenty  rounds ;  places  on  the  sides  to 
contain  tompion  and  screw-driver ;  carried  on  waist-belt  by  loops  on 
side  of  box. 

No.  2  very  similar  to  above,  but  smaller;  to  hold  tliirty  rounds ;  with- 
out places  for  tompion  and  screw-driver. 

Neither  regarded  as  possessing  sufficient  advantages  for  adoption  in 
the  military  service. 

No.  1395,  (1874.) — Three  cartridge-boxes  from  Thompson  &  Sons. 

Description, — Made  of  leather;  oblong  shape;  each  to  hold  thirty 
rounds  (cal.  .45)  ammunition  in  paper  cells ;  flap  secured  by  brass  but- 
ton at  the  bottom  of  the  box ;  carried  on  waist-belt  by  loops  at  each 
end.  Not  regarded  as  possessing  sufficient  advantages  for  adoption  in 
the  military  service. 
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No.  1339,  (1874.) — Two  oartridge-hoxes  from  Maj.  T.  J.  TreadwelL 

Description, — ^Both  made  of  leather ;  one  oblong  shaped,  the  other 
nearly  sqaare ;  to  hold  twenty  and  thirty  rounds  of  ammanition  respect- 
ively ;  both  carried  by  flaps  secured  by  a  brass  button  at  the  bottom  of 
the  Dox ;  carried  on  waist-belt  by  two  loops ;  cartridges  are  carried  in 
paper  cells.  Not  regarded  as  possessing  sufficient  advantages  for  adop- 
tion in  the  military  service. 

No.  4463,  (1873). — Cartridge-box  to  contain  Lieutenant  Mctcalfe^s  car- 
tridge-holders. 

Description. — Made  of  leather,  nearly  square,  to  hold  thirty  cartridges  ; 
flaps  secured  by  a  brass  button  at  the  bottom  of  the  box ;  carried  on 
waist-belt  by  loops,  strengthened  by  a  cross-strap  ;  can  be  removed  at 
will,  without  removing  the  belt.  Not  regarded  as  possessing  any  advan- 
tages over  those  now  in  use. 


1  cartridge-box,  cal.  .58,  (old  style,)  with  tins  removed,  holds  40  car- 
tridges; cal.  .50,  in  two. original  packages;  obsolete. 

1  cartridge-box,  t^al.  .58,  (old  style,)  with  perforated  wooden  blocks, 
holds  40  cartridges ;  cal.  .50 ;  obsolete. 

1  cartridge-box,  cal.  .58,  (old  style,)  McGinness's  pattern  block  for  cal. 
.50,  holds  40  cartridges ;  obsolete. 

1  Butler's  cartridge-box.  No.  1,  curved  wooden  perforated  block  for 
19  rounds,  cal.  .45 ;  flap  lined  with  sheep-skin ;  secured  key ;  revolving 
on  pivot ;  carried  on  waist-belt  by  two  loops.  This  is  considered  a 
good  box,  but  not  regarded  as  x>ossessing  any  advantages  over  those 
now  in  use. 

1  Butler's  cartridge-box,  No.  2,  is  similar  in  construction  to  No.  1, 
with  the  exception  that  it  is  straight.  The  same  remarks  apply  to  it  as 
to  the  other. 

1  Dyer's  pouch,  modified ;  leather ;  pocket  lined  with  wool,  with  flap 
secured  by  button  to  side  of  pouch ;  carried  on  waist-belt ;  will  carry  40 
cartridges,  cal.  .45.    (Cavalry-board  pattern.) 

1  cartridge-box  carrying  an  original  package  of  30  cartridges,  cal.  .45 ; 
shape,  oblong ;  made  of  leather ;  flap  buttons  under  box ;  carried  on 
waist-belt.  From  ordnance  department,  Watervliet.  Not  regarded  as 
possessing  any  advantages  over  those  now  in  use. 

1  cartridge-box  from  Capt.  B.  F.  Rittenhouse,  Fifth  Artillery.  De- 
scription :  Made  of  leather ;  shape,  oblong ;  place  on  side  for  screw- 
driver ;  will  hold  30  rounds,  cal.  .45.  Not  regarded  as  possessing  any 
advantages  over  those  now  in  use. 

Hazen's  belt  No.  1  is  simply  a  black  leather  belt,  with  loops  on  the 
outside,  made  to  carry  41  cartridges. 

Hazen's  belt  No.  2  is  a  black  leather  belt,  and  upon  this  are  fastened  by 
leather  slide  two  double  rows  of  loops,  containing  40  cartridges. 

McKeever's  cartridge-box  is  made  of  leather;  square-shaped;  very  flat; 
is  carried  on  waist-belt  by  two  leather  loops.  Box  opens  from  the  top, 
and  when  opened  all  the  cartridges  are  exposed  and  convenient  for  use, 
hanging  in  loops  one  above  the  other.  A  brass  bar  at  the  bottom, 
riveted,  holds  the  two  sides  of  the  box  together;  the  top  is  secured  by 
a  brass  button  and  strap.    This  box  holds  40  cartridges. 

Laidley's  revolving  cartridge-box:  made  of  leather;  shape,  oblong; 
supported  by  waist  and  shoulder  belt.    Box  can  be  reversed  by  means 
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of  brass  pivots  at  the  end.  Holds  60  cartridges,  in  wooden  perforated 
blocks.  Kot  thought  to  possess  snfficient  advantages  over  those  now 
in  use  to  jnstify  its  adoption  in  the  military  service. 

Samples  A,  B,  0,  D,  E,  H,  K,  L,  M,  N,  P,  of  boxes,  pouches,  and 
belt  have  been  submitted  to  the  board,  and  none  of  them  are  regarded 
as  suitable  for  the  military  service. 


Description  of  cartridge-box  siihnitted  by  Lieut  C.  C.  MacConnellj  Fifth 

Artillery. 

This  box  is  square-shaped;  made  of  leather;  lined  with  tin;  compart- 
ments to  hold  40  cartridges.  There  is  an  opening  at  the  bottom,  work- 
ing by  means  of  a  spring,  and  by  which  one  cartridge  can  be  taken 
oat  at  a  time.  The  cartridges  are  placed  in  the  box  on  top  by  raising 
a  flap.  The  box  is  worn  on  the  waist-belt.  Not  regarded  as  suitable 
for  the  military  service. 

Description  of  cartridge-holder  submitted  by  James  W.  Scliaumburg,  of 

Philadelphia. 

This  consists  of  a  cylindrical  block,  3J  inches  in  diameter  by  6  inches 
in  length,  perforated  at  both  ends,  to  hold  36  cartridges,  cal.  .45.  Not 
regarded  as  suitable  for  the  military  service. 


Miscellaneous  articles  of  equipment  submitted  to  the  board  for  cxamhiation. 

Baxter^s  Jcnapsack-supporter. — This  consists  of  two  pieces  of  ash,  curved 
to  conform  to  the  shape  of  the  back,  fastened  together  at  top  and  bot- 
tom by  straps,  with  rings  and  straps  to  secure  knapsack  or  blanket, 
carried  by  broad  cross-straps  across  the  shoulders  and  fastened  to  the 
supporter  behind,  and  also  to  waist-belt.  Not  regarded  as  possessing 
sufficient  advantages  for  adoption  in  the  military  service. 

Box  of  cleaning-material  from,  Watervliet  arsenal. — It  contains — 
2  1-pint  cans  of  anti-corrosive  and  lubricating  oil,  (cosmoline-oil.) 
1  box,  holding  10  ounces  scouring-material,  marked  I. 
1  box,  holding  4  ounces  polishing-material  for  leather,  marked  II. 
1  box,  holding  10  ounces  whiting. 
1  cbamois-skin,  about  2  feet  square. 
1  wire  scratch-brush. 

This  is  said  to  be  sufficient  to  last  a  company  one  year. 

Conrad  Blattner^s  cleaning-kit. — ^This  consists  of-^ 
1  cloth-brush. 
1  blacking-brush. 
1  shoe-scrubbing  brush. 
1  brass-brush. 
1  button-stick. 

1  oompound  tin  box;  (contents:  soap  and  blacking.) 
1  compound  tin  box;  (contents:  tripoli,  heel-ball,  wax.) 
1  oil-flask. 
1  turpentine-flask. 

1  tripoli-bottle ;  (contents:  alcohol  and  tripoli.) 
1  compound  needle-box;  (contents:  needles  and  thread.) 


80  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

1  pair  of  scissors. 

1  thimble. 

1  set  reserve  buttons. 

1  looking-glass. 

1  comb. 

3  sheets  of  emery-paper. 

Cleaning-rag  and  leather. 

Case  and  tin  frame,  containing  kit. 


Description  of  Copt  J.  W.  Piper^s  (Fifth  Artillery)  troicel-bayonet  scab- 
bard. 

This  consists  of  a  frame-shaped  piece  of  steel,  with  a  hollow  space 
down  the  center  to  contain  a  triangular-shaped  bayonet,  twelve  inches 
in  the  blade.  It  is  not  regarded  as  suitable  for  adoption  in  the  military 
service. 


Mational  Armory,  SPRiNaFiELD,  Mass., 

l^otember  19, 1874. 

Sir:  I  have  the  honor  to  present  to  your  attention  the  following 
specifications  regarding  my  improved  cartridge  block  and  carrier,  to- 
gether with  the  arrangement  for  attaching  the  block  upon  the  gun. 

The  cartridge-block  is  a  wooden  block,  in  which  it  is  proposed  that  me- 
tallic cartridges  shall  be  put  up  for  issue  at  the  arsenal  where  they  are 
manufactured. 

The  carrier  is  a  metallic  hook,  sliding  upon  the  belt,  in  which  it  is 
proposed  to  carry  the  blocks  full  of  cartridges;  and  the  rifie  and  the 
blocks  are  so  arranged  that,  at  pleasure,  they  can  be  secured  together 
in  a  very  convenient  position  for  loading.  It  is  intended  that  the  blocks, 
when  exhausted,  shall  be  thrown  away;  but  they  can,  if  necessary,  be 
refilled  and  used  many  times. 

The  block. — This  consists  of  a  wooden  block,  5  inches  by  IJ  inches  by 
W  inch,  bored  on  its  edge  with  eight  holes  to  receive  the  same  number 
of  rifle-cartridges,  cal.  .45.  These  holes  are  made  cylindrical,  and  of 
slightly  less  diameter  than  the  corresponding  portion  of  the  taper  car- 
tridge which  they  inclose.  The  cartridge  is  thus  held  only  by  the  upper 
edge  of  the  hole,  and  does  not  touch  the  wood,  except  for  a  very  short 
distance  below  the  mouth  of  the  hole.  Were  this  all  'the  precaution 
taken  against  its  being  too  closely  held  by  the  wood,  in  the  event  of  the 
latter's  swelling  from  moisture,  it  might  still  be  insufficient  in  case  of 
excessive  wetting.  To  provide  against  such  a  contingency,  in  my  last 
model  I  have  run  a  thin  saw-cut  along  the  open  edge  of  the  block, 
slitting  the  mouths  of  these  holes. 

This  device  has  the  following  advantages : 

1st.  It  effectually  removes  the  block  from  the  deleterious  effects  of 
moisture,  as  this  split  makes  of  the  block  a  sort  of  automatic  spring, . 
spreading  away  from  the  cartridges  when  wet,  and  hugging  close  to 
them  when  dry.  Experiments  show  that  no  perceptible  difference  is 
found  in  the  facility  with  which  the  cartridges  can  be  removed  from  the 
block  after  soaking  it  in  water  over  night,  or  for  longer  periods  of  time. 

2d.  In  case  a  cartridge  should  stick  hard  in  the  block  from  any 
cause — such  as  the  wearing  of  the  bit  which  makes  the  holes,  and  their 
consequent  diminution  in  size,  or  from  the  collection  of  lubricant  or 
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dirt  on  the  outside  of  the  cartridge — this  split  affords  a  starting-pointy 
from  which,  by  giving  a  wrench  to  the  cartridges,  the  block  may  be 
split  open  sufficiently  to  allow  them  to  be  easily  withdrawn.  By  using 
the  proper  degree  of  force,  the  block  may  be  thus  broken  entirely  to 
pieces,  in  case,  by  freezing  or  other  cause,  the  cartridges  should  be  fast- 
ened permanently  in  their  holes. 

3d.  It  follows,  as  a  consequence  of  the  above,  that  the  cartridges  may 
be  packed  in  the  blocks  at  the  arsenal  of  fabrication  so  tightly  that  they 
can  never,  under  ordinary  circumstances,  accidentally  fall  out,  and  yet 
with  a  moment's  preparation  they  can  be  loosened  for  rapid  removal. 

4th.  It  makes  a  fastening-point  for  the  cuttingoff  string,  and  also 
indirectly  facilitates  the  boring  of  the  block. 

The  bottom  of  the  block  is  rounded  for  convenience  in  handling. 

On  one  side  of  the  block  are  bedded  and  riveted  two  sheet-iron  plates. 
^The  foremost  and  larger  of  these  is  called  the  recoil-plate.  It  is  made 
broad,  so  that,  by  having  a  large  bearing  against  the  wood  in  rear  of 
it,  it  may  not  sink  in  when  the  recoil  (forward)  in  the  act  of  firing  brings 
the  block  forcibly  against  the  attachment  on  the  gun.  The  recoil-plate 
is  punched  with  two  holes  t<o  reduce  its  weight.* 

The  other  plate  is  the  cam-plate.  It  is  principally  by  means  of  this 
plate  that  the  block  is  fastened  to  the  gun  by  a  method  essentially  like 
that  employed  in  securing  the  breech-block  of  the  Springfield  rifle. 

The  edges  of  the  block  near  these  plates  are  hollowed  out  in  a  half- 
round  chamfer,  to  avoid  the  unnecessary  projection  of  the  plates  beyond 
the  edge  of  the  block. 

Both  plates  are  drilled  and  countersunk  for  the  rivets,  which  are 
common  wire  nails.  Midway  along  the  inside  of  the  block  is  the  carrier- 
mortisej  a  square  groove  an  inch  wide  running  across  the  block.  It  is 
designed  to  steady  the  block  when  transported  on  the  carrier. 

The  appurtenances  of  the  block  are  the  pasteboard  cap,  the  paper 
label  which  secures  the  cap  and  indicates  the  contents  of  the  package, 
acd  the  string  by  which  the  label  is  cut  preparatory  to  the  removal  of 
the  cap.  The  cap  is  rendered  water-proof  by  being  dipped  in  linseed- 
oil  and  baked.  The  string  is  fastened  at  one  end  of  the  block,  and, 
running  around  the  row  of  cartridges,  has  its  loose  end  projecting  in  a 
convenient  position  for  grasping.  When  filled  and  capped,  the  upper 
portion  of  the  block  down  to  the  lower  edge  of  the  label  is  coated  over 
with  a  mixture  of  linseed-oil  and  varnish,  colored  with  burnt  umber. 
This  protects  it  from  wet,  additionally,  so  as  to  prevent  a  long-con- 
tinued rain  from  soaking  the  attachments  of  the  cap.  If  this  could 
happen  the  cap  might  become  detached  and  possibly  allow  some  of  the 
cartridges  it  covered  to  be  lost.  But  if  these  were  put  up  tightly,  as 
before  described,  it  will  be  seen  that  even  without  this  water-proofing 
the  accident  would  be  very  unlikely.  As  it  is,  however,  I  am  able  to 
state  that  two  blocks  so  prepared  were  arranged  on  a  rack  under  a 
constant  stream  of  water  from  a  faucet,  the  force  of  which  was  dis- 
tributed by  being  received  on  a  wad  of  cotton-waste  overlying  the 
blocks.  They  were  thus  in  a  constant  soak  for  twenty  hours  without 
suffering  at  all. 

The  block  and  parts  are  colored  brown,  to  harmonize  with  the  stock 
and  to  avoid  showing  a  decided  waist-line  when  worn  in  action.    « 

The  free  end  of  the  string  is  glued  to  the  side  of  the  block  by  the 

*  Experiments  made  this  day  indicate  that,  provided  the  block  is  to  be  nsed  for  bat 
eight  shots,  which  is  the  theory  of  its  constraction,  the  width  of  the  recoil-plate  can 
be  reduced  to  |  inch  ;  in  which  case  the  tightening-holes  conld  be  dispensed  with. 

6  o 
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vaPDish,  SO  that  it  can  be  easily  rolled  off,  when  necessary,  with  the 
thumb. 

Materials, — Block,  of  bass-wood  or  white- wood;  plates,  of  the  cheapest 
sheet-iron,  (No.  16  gaage;)  rivets,  iron- wire  nails,  known  as  "PYench 
nails;''  cap,  good  pasteboard  or  strawboard;  label,  of  rope-manila 
paper,  printed  across  the  grain  ;  string,  stroag,  toag:h  linen  string. 

The  gun. — The  attachment  on  the  gun  is  as  follows  : 

A  light  iron  strap  sunk  into  the  wood  is  connected  at  its  rear  end 
with  the  lockplate,  and  consequently  by  the  bearing  of  the  latter 
against  the  receiver  with  the  barrel.  A  tongue  at  its  forward  end 
passes  under  the  lower  band,  by  which  it  is  kept  in  place. 

At  its  forward  end  is  formed  the  recoil-head,  a  circular  undercut  in 
which  receives  and  matches  the  circular  forward  end  of  the  recoil- 
plate. 

At  the  proper  distance  in  rear  of  this  is  the  cam^  which  is  essentially 
a  piece  of  round  wire,  flattened  on  one  side,  and  passing  through  the 
strap  and  riveted  on  the  inside  of  it. 

On  the  outer  end  of  this  cam  is  the  thumb-piece,  made  so  as  to  spring 
in  and  out  of  a  slight  indentation  in  the  strap,  in  which  it  is  held  when 
in  place  by  a  slight  projection  on  its  inner  surface.  This  flat  place  on 
the  cam  is  parallel  to  the  geueral  direction  of  the  thumb-piece,  so  that 
when  the  gun  is  horizontal  and  the  cam  open  the  flat  place  is  vertical, 
and  just  far  enough  from  the  bottom  of  the  undercut  in  the  recoil-head 
to  allow  the  passage  of  the  shoulder  of  the  recoil-plate  on  the  block. 
It  is  so  placed,  however,  as  to  prevent  the  passage  of  the  nib. 

When  the  cam  is  shut — that  is,  when  the  thumb-piece  is  turned  i)ar- 
allel  to  the  barrel — the  round  projecting  part  of  the  cam  has  entered  the 
cam-recess.  This  keeps  the  rear  end  of  the  block  from  moving  up  or 
down.  Its  lateral  motion  is  prevented  by  a  lip,  formed  by  the  projection 
of  the  thumb-piece  over  the  cam.  The  forward  end  of  the  block  is  kept 
in  place  by  the  projecting  form  of  the  recoil-plate,  which  enters  the  recess 
of  the  recoil-head.  The  block  is  thus  securely  and  rigidly  fastened  to 
the  strap,  and  the  strap  to  the  gun.  The  tail  of  the  thumb-piece  is 
enlarged,  so  as  to  afford  a  good  bearing  to  the  thumb,  and  is  beveled 
downward  and  inward  on  its  upper  side.  This  affords  security  against 
accidental  displacement,  and  yet  allows  a  slight  outward  and  down- 
ward pressure  with  the  thumb  to  start  it  easily.  The  strap  is  made  of 
decarbonized  iron,  case-hardened.  Its  rear  end  is  counter-bored  for  a 
hub,  hollow-milled  around  the  front-side  screw-hole  in  the  lock-plate. 

The  carrier  (see  plate)  consists  of  a  tempered  sheet-steel  hook,  made 
in  two  pieces.  (A  later  model  is  in  a  single  piece.)  A  is  the  hook  strap 
passing  through  the  eye  a'  of  the  back-strap  B.  These  are  also  fastened 
together  by  the  rivets  D  D,  passing  through  the  but  of  the  leather  car- 
rier-strap E.  A  passage  is  thus  allowed  for  the  waist-belt  F. '  The  but- 
ton O  serves  to  secure  the  strap  E,  and  also  by  means  of  the  inclined 
thumb-piece  on  its  upper  end  to  spring  out  the  lip  G  so  as  to  disengage 
it  from  the  upper  side  of  the  cartridge-block.  This  lip  G  keeps  the  block 
from  rising  bodily  upward,  and  the  broad  part  of  the  hook-strap  fitting 
into  the  carrier-mortise  of  the  block  keeps  it  from  tilting  endwise. 

It  is  still  further  secured  by  the  carrier  strap  when  buttoned  down  as 
above  indicated.  It  will  readily  be  seen  that  from  the  position  of  the 
lip  it  maintains  its  hold  on  the  block  to  whatever  extent  within  the  lim- 
its of  the  elasticity  of  the  spring  it  may  be  pressed  out.  The  lip  follows 
it  up  and  br  ngs  it  back  to  place  when  the  disturbing  pressure  is  re- 
moved. The  security  of  the  block  is,  therefore,  withiu  limits  independ- 
ent of  the  strap. 
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It  is  proposed  that  as  many  of  these  carriers  be  worn  apon  the  belt 
as  may  be  necessary,  due  regard  being  had  to  the  size  of  the  men  and 
to  the  character  of  the  service  requiring  their  use. 

For  garrison-service,  a  single  block  worn  on  the  right  side  would 
probably  be  sufficient.  A  large  quantity  could  be  worn  at  once  by  lap- 
ping them  like  shingles.  An  ordinary  man  could  probably  carry  seven 
blocks,  (56  cartridges,)  and  still  have  room  for  his  bayonet-scabbard,  &c. 

Should  an  extra  supply  of  ammunition  have  to  be  carried,  it  can  be 
pat  in  ordinary  leather  cartridge-boxes  holding  two  or  three  blocks 
apiece.  I  have  presented  samples  of  these.  The  blocks  are  kept  sep- 
arate by  short  brass  partitions  in  the  end  of  the  box.  They  are  taken 
oat  by  a  strap  which  passes  under  the  blocks,  and  is  fastened  at  the 
inner  end  to  the  part  of  the  box  next  the  body,  and  has  the  outer  end 
hanging  loose  outside. 

BeU'plate. — I  desire  also  to  call  your  attention  to  my  belt-buckle, 
which  is  of  the  old  S-hook  pattern,  stiilened  and  made  distinctive  by 
the  introduction  in  the  pattern  of  a  letter  U.  The  U.  S.  part  has  fast- 
ened to  it  a  buckle-tongue,  by  which  its  position  on  the  belt  can  readily 
be  adjusted ;  or  it  can  be  removed  entirely  to  put  on  or  take  off  the  car- 
riers. The  other  end  of  the  fastening  is  permanently  sewed  to  the  belt ; 
near  it  is  a  movable  leather  slide,  into  which  the  free  end  of  the  belt 
passes  when  it  is  fastened.  The  S  hooks  downward  so  that  the  weight 
of  the  load  tends  to  keep  it  in  place. 

There  are  loops  for  the  knapsack-straps  as  used  on  the  present  accou- 
terments. 

This  fastening  should  be  made  of  bronze,  cast  under  pressure,  or  of 
phosphorous  or  aluminum  bronze.  The  former  can  be  furnished  for 
$12.50  x>er  hundred,  in  the  size  which  I  submit.  This  bears  a  weight  of 
50  pounds  without  straightening.  It  could  be  made  heavier  and 
stronger,  if  desired.  Any  form  of  waist-plate  could  be  used  with  the 
earners,  provided  that  one  end  is  unincumbered  so  that  they  could  be 
slipped  on. 

WmghU. — In  round  numbers,  the  weight  of  either  the  carrier  or  the 
cartridge-block  is  less  than  that  of  a  single  cartridge. 

Pounds.  Oances. 

Gun-attachment,  about 2 

One  cartridge lA 

Block  full,  &c 13 

Block  empty 1^ 

8  cartridges ll| 

6  blocks  full,  &c 4      14 

7  blocks  full,  &c 5      11 

1  carrier 1^ 

6  carriers 6J 

7  carriers 11 

1  block  and  carrier,  filled 144- 

Same  empty — dead  weight • . . .  2* 

6  carriers  and  blocks,  filled 5        4| 

Same  empty — dead  weight 14^ 

7  carriers  and  blocks,  filled 6       2^ 

Same  empty — dead  weight 1       Of 

Belt-buckle... 2i 

Claims. — Having  described  my  inventions,  I  will  state  what  I  con- 
sider their  si)ecial  advantages. 
First  The  cartridge-block  alone : 
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I.  It  affords  by  itself  a  good  package  for  the  cartridges.  It  is  nearly 
indestructible  in  transportation  or  by  wet ;  it  keeps  the  cartridges  from 
jostling  together,  and  thereby,  as  has  been  shown  by  experience,  endan- 
gering their  surety  of  fire.  It  also  protects  them  from  dust  and  sand, 
quite  as  injurious  to  the  gun  as  moisture  would  be  to  the  cartridge 

II.  It  is  a  convenient  package  in  shape  and  size,  if  an  extra  supply 
of  ammunition  had  to  be  carried  in  the  men's  pockets. 

III.  It  allows  the  cartridge  to  project  enough  for  a  good,  firm  grip. 
In  cold  weather  this  might  be  essential. 

IV.  It  is  not  costly. 

Second.  The  block  combined  with  the  gun : 

I.  A  considerable  increase  in  the  possible  rapidity  of  fire,  as  shown 
by  your  experiments,  in  which  eight  shots  were  fired  in  twenty  seconds — 
starting  with  the  chamber  empty. 

II.  The  possibility  of  controlling  this  increase  of  rapidity  by  officers 
in  charge  of  men  so  equipped.  The  order  to  "  fix  blocks"  need  no  more 
be  anticipated  than  that  to  fix  bayonets.  Under  ordinary  circumstances 
the  men  would  use  from  the  belt.  With  magazine-guns  this  rapidity  is 
uncontrollable,  as  it  is  impossible  to  see  whether  the  magazines  are  used 
or  not. 

III.  A  very  marked  advantage  is  found  in  firing  lying  down.  In  this 
position  it  seems  probable  that  much  of  the  firing  of  the  future  is  to  be 
conducted.  The  only  portion  of  a  man  so  firing  which  it  is  at  all  necessary 
to  move  is  his  right  arm.  If  an  isolated  skirmisher,  he  need  not  twist  or 
roll  over  to  get  at  his  back  or  side  for  ammunition,  and  thereby  attract 
attention.  ^ 

lY.  The  cartridges  are  immediately  in  front  of  the  firer,  under  his  eye. 
He  sees  just  where  they  are,  and  how  many  are  left  him.  I  have  fre- 
quently heard  of  troops  engaged  in  intrenchmeuts  spreading,  for  con- 
venience, their  cartridges  on  the  parapet  in  front  of  them.  In  a  similar 
case,  a  man  provided  with  the  block  has  all  this  facility  of  manipula- 
tion, with  this  additional  advantage:  that,  if  obliged  to  change  his 
position  hurriedly,  he  does  not  have  to  leave  his  ammunition  behind  him, 
but  carries  it  with  the  gun  to  which  it  belongs. 

V.  Pickets  or  other  troops  exposed  to  surprise  may  sleep  with  their 
belts  off  if  they  have  their  blocks  fixed.  In  case  of  a  surprise,  they 
have  but  one  thing  to  look  for — the  gun.  There  would  be  no  more 
necessity  of  looking  for  the  cartridge-box  than  if  they  had  loaded 
revolvers  instead  of  rifles,  while,  owing  to  the  guns  not  being  loaded, 
the  liability  of  accident  would  be  diminished. 

VI.  It  protects  the  hand  from  burning  on  the  barrel.  After  a  few 
shots  have  been  fired  from  the  new  Springfield  rifle,  especially  on  a  hot 
day,  the  barrel  becomes  so  hot  that  it  can  hardly  be  touched.  The 
block,  when  fixed,  prevents  the  hand  from  touching  it  if  the  thumb  be 
properly  laid  along  the  stock.  The  board  had  an  opportunity  of  observ- 
ing this  feature  when  I  first  met  them  in  September.  Ordinary  target- 
firing,  without  any  attempt  at  rapidity,  soon  made  the  barrel  warm. 

The  English  war  department  has  consequently  been  obliged  to  issue 
leather  pads  to  buckle  over  the  barrel  at  the  grip.  This  is  a  mere 
expedient,  and  will  probably  be  found  to  get  out  of  shape  when  wet, 
and  also  to  hurt  the  hand  where  the  buckle  comes.  The  barrel  is 
covered  half-way  up  with  wood  by  Westley  Richards  for  this  purpose. 
Unless  fragile  this  is  very  cumbersome,  and,  like  the  pad,  is  there  when 
not  needed.  With  the  cartridge-box,  it  is  never  so  much  needed  as  tchen 
it  is  used. 

VII.  The  weight  of  the  block  full  of  cartridges  when  fixed  on  the 
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gan  diminishes  materially  the  recoil  at  the  moment  of  firing.  By  experi* 
ment  it  was  found  that  without  the  block  the  recoil  is  174  pounds;  with 
it  full  it  is  six  pounds  less. 

Now,  as  this  is  about  the  quantity  by  which  the  recoil  of  the  cal.  .45 
arm  exceeds  that  of  the  cal.  .50,  and  as  the  recoil  of  the  cal.  .50  was 
often  objected  to  by  the  troops,  and  the  carbine-cartridges  asked  for  in 
place  of  the  musket-cartridge,  it  would  seem  reasonable  to  allow  this 
some  weight;  particularly  as  the  diminution  of  recoil  is  accomplished 
without  the  sacrifice  of  any  of  the  good  qualities  of  the  ammunition  by 
reducing  the  charge,  as  has  been  proposed  in  England,  or  without 
increasing  the  weight  of  the  gan,  as  has  also  been  proposed  there. 

VIII.  The  change  in  the  gun  is  slight;  it  will  not  add  more  than  forty 
to  fifty  cents  to  its  cost,  and,  in  combination  with  the  form  of  the  block, 
give  a  perfectly  solid  fastening,  so  that  the  block  can  only  be  unwittingly 
removed  by  destroying  it. 

Third.  The  bloeJc  in  combination  toith  the  carrier: 

I.  It  is  one  of  the  least  heavy  methods  proposed  of  carrying  cartridges. 

II.  The  weight  is  well  distributed  about  the  person  around  the  waist, 
where  experience  has  shown  it  can  be  most  easily  carried. 

III.  TVlien  the  block  is  exhausted  it  is  thrown  away,  leaving  nothing 
but  the  carrier  to  transport.  With  the  ordinary  cartridge-box  one  has 
to  carry  as  much  dead  weight  for  a  single  cartridge  as  for  a  box  full. 

rV.  It  fits  snugly  to  the  body;  does  not  project,  as  does  the  ordinary 
box. 

V.  The  weight  can  be  shifted  on  the  belt  to  relieve  the  waist  if 
fatigued. 

^.  It  does  not  interfere  with  the  belt  in  its  functions  as  a  belt.  The 
carriers  can  all  be  taken  off  for  parade  or  drill. 

VIL  No  other  belt  is  required  for  escort  or  scouting  duty  than  that 
used  in  garrison. 

YIIL  With  the  cap  on,  whether  detached  from  the  block  or  not,  and 
the  strap  buttoned  down,  the  cartridges  cannot  fall  out. 

IX.  Owing  to  the  slitting  of  the  holes  and  the  tightness  with  which 
the  cartridges  can  consequently  be  packed,  and  also  to  the  security  with 
which  the  carrier  holds  the  block,  without  using  the  strap  the  cartridges 
can  be  taken  out  singly,  as  in  the  loop-belt  of  the  plains.  The  strap  is 
only  an  accessory.  Even  without  it  and  the  cap,  the  cartridges  are  as 
safe  as  they  are  in  the  loop-belt  With  the  strap  and  the  cap  they  are 
perfectly  secure. 

X.  The  carrier,  when  empty,  forms  a  convenient  attachment  for  any 
little  articles  which  it  may  be  desired  to  carry — the  tin  drinking-cup,  &c. 

XI.  Its  cost  is  slight ;  it  is  almost  imperishable,  and  takes  but  little 
room  in  store  and  transportation. 

XII.  The  block  can  be  readily  placed  into  and  removed  from  the 
carrier. 

The  beWbuokle  is  light,  cheap,  and  ornamental.  It  is  protected  by  the 
flap  from  wearing  or  soiling  the  clothing. 

Directions. — To  put  the  blocks  into  the  carriers  : 

Slide  all  the  carriers  to  the  right  side  as  near  to  the  belt-plate  as 
possible.  Detach  the  rearmost  one  two  or  three  inches  to  the  rear. 
Take  a  block  in  the  right  hand,  with  the  cap  next  the  palm  of  the  hand, 
and  with  the  thumb  resting  in  the  carrier-groove.  Hold  the  block  hori- 
zontal, so  that  the  mortise  comes  opposite  to  the  body  of  the  hook-strap 
of  the  carrier,  the  irons  uppermost,  the  bottom  of  the  block  against  the 
body.    Baise  the  top  of  the  block  so  as  to  roll  it  into  place  and  to  press 
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oat  the  movable  portion  of  the  hook-strap,  and  then  slip  it  down  into 
the  carrier  as  far  as  it  will  go. 

If  necessary,  press  in  the  button  so  that  the  lip  will  cQt  through  the 
paper  label:  button  down  the  strap;  slide  the  carrier  to  the  opposite 
end  of  the  belt,  and  continue  as  before  with  the  others. 

The  irons  are  always  next  the  body. 

The  cap  may  be  detached  before  putting  it  into  the  carrier. 

To  remove  the  block  fi*om  the  carrier — 

Hold  the. musket  as  at  an  ^' order"  with  the  left  hand;  unbutton  the 
strap  of  the  block  nearest  to  the  belt-plate  with  the  right  hand,  and 
tuck  the  strap  between  the  belt  and  the  body ;  place  the  right  thumb  on 
the  upper  side  of  the  button,  the  fore-finger  extended  along  the  block, 
the  other  three  fingers  beneath  it ;  press  out  the  button  with  the  thumb 
until  the  lip  is  clear ;  lift  out  the  block  with  the  fingers  beneath  it,  guid- 
ing it  with  the  fore-finger  and  palm  of  the  hand. 

To  fix  the  block- 
Hold  the  piece  in  the  position  for  loading ;  open  the  cam  to  its  full 
extent ;  insert  the  recoil  plate  under  the  lip  of  the  recoil-head  as  far  as 
it  will  go,  holding  the  block  flat  against  the  gun,  pointing  downward 
and  forward ;  press  the  rear  end  downward  until  the  nib  of  the  back 
plate  rests  on  the  cam ;  turn  up  the  thumbs  piece  of  the  cam. 

Take  off  the  cover  by  pulling  on  the  string.  If  the  cartridges  stick 
tight,  give  them  a  wrench  with  the  hand  until  the  wood  is  heard  to 
crack.  In  loading  keep  the  muzzle  well  depressed,  level  with  the  knee. 
The  hand  should  always  grasp  the  block  in  firing.  Take  the  nearest 
cartridges  first,  successively. 

To  remove  the  block — 

Open  the  cam  to  its  full  extent;  raise  the  rear  end  of  the  block  and 
remove  it. 

The  motions  and  fastenings  of  the  cartridge-block  are  like  those  of  the 
breechblock  of  the  gun.    It  always  pivots  on  the  forward  end. 

The  slitting  of  the  blocks  is  to  allow  for  moisture.  So  prepared,  wet 
does  not  affect  their  hold  upon  their  contents  in  the  slightest  degree. 
It  also  serves  to  start  them  in  their  holds,  if  they  should  fit  tight,  by 
wrenching  the  row  of  cartridges  sideways  slightly. 

HENRY  METCALFE, 

Lieutenant  of  Ordnance. 

Capt  M.  H.  Staozy, 

Recorder  Board  on  Infantry-Equipments^ 
Watervliet  Arsenal^  West  Troy,  N.  ¥, 

P.  S. — I  estimate  the  cost  as  follows : 

Cents. 

Block,  complete - 2 J  to   3 

Carrier,  complete 8   to  10 

Strap  on  gun 40   to  50 

Belt-buckle,  of  bronze 12J 


REPORT. 

Watervliet  Arsenal,  West  Troy,  N.  Y., 

N^ovember  24, 1874. 

Sir:  The  board  on  infantry-equipments,  convened  by  paragraph  14, 
Special  Orders  No.  120,  dated  Adjutant  General's  Office,  Washington, 
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Jane  1, 1874,  hare  tbe  honor  to  state  that  they  have  carefully  examined 
the  varioas  subjects  submitted  for  their  consideration,  and  respectfully 
transmit  their  report. 

Many  different  samples  of  knapsacks,  haversacks,  cartridge-boxes, 
belts,  &c.,  have  been  presented  for  our  inspection,  and  out  of  the  num- 
ber we  have  selected  those  which,  in  our  judgment,  seem  best  adapted 
for  the  nse  of  troops  serving  as  infantry. 

In  oar  decisions  we  have  been  governed  by  the  result  of  our  own  ex- 
X>erience  with  troops  in  a  great  variety  of  service,  by  the  reports  from 
officers  of  the  Army  submitted  by  the  Chief  of  Ordnance,  and  the  very 
able  and  comprehensive  report  on  this  subject  by  a  board  of  officers  of 
the  British  army,  of  which  Major  General  Eyre  was  the  president. 

The  first  object  the  board  had  in  view  was  to  lessen  the  weight  of  the 
pack  heretofore  carried  by  our  soldiers,  without  impairing  their  efficiency 
or  interfering  with  their  comfort  and  health;  and  we  are  of  the  opinion 
thnt  in  the  brace-system  and  appendages,  invented  by  First  Lieut. 
George  H.  Palmer,  of  the  Sixteenth  Infantry,  most,  if  not  all,  of  the 
reqnirements  of  the  service  are  met 

The  equipment  consists  of  carrying-braces,  blanket-straps,  clothing- 
bag,  and  haversack,  the  whole  weighing  about  three  pounds  and  a  half. 

The  carrying-hraces  are  composed  of  a  back-pad  about  four  inches 
wide  at  the  top,  six  and  a  half  inches  wide  at  the  bottom,  and  three  and 
three-quarters  inches  from  top  to  bottom,  made  of  two  thicknesses  of 
stout  leather  sewed  together.  To  this  are  riveted  four  straps,  one  at 
each  corner,  about  one  inch  in  width — ^two  straps  for  each  shoulder — the 
outside  strap  being  about  one  foot  in  length,  the  inner  one  about  fifteen 
inches.  This  strap  is  narrowed  down,  passed  through  a  brass  ring,  and 
is  then  donble<l  back,  terminating  in  a  tongueless  buckle ;  the  outer 
strap  is  passed  through  tliis  buckle  and  is  riveted  to  the  outside  of  the 
inside  shoulder-strap  about  three  inches  above  the  brass  ring. 

Two  waist-belt  straps  of  leather,  five  eighths  of  an  inch  in  width  and 
20  inches  in  length,  are  secured  to  the  brass  rings,  and  are  attached  to 
each  side  of  the  waist-belt  plate.  In  addition  to  this  are  two  straps 
riveted  to  the  lower  part  of  the  pad  1  inch  apart,  five  eighths  of  an  inch 
wide  and  14  inches  long. 

On  the  upper  corners  of  the  back-pad  are  two  brass  D  rings,  held  by 
the  same  rivets  that  fasten  the  upper  shoulder-straps,  through  which 
tbe  blanket-straps  are  passed.  A  strap  8  inches  long  and  looped  at  each 
end  is  placed  on  the  blanket-straps  and  passes  underneath  the  straps 
attached  to  the  lower  part  of  the  back-pad  supporting  the  bags,  for  the 
purpose  of  holding  the  blanket  more  firmly  in  place  when  marching  in 
double  time. 

Two  straps  are  attached  to  the  front  rings  by  brass  hooks  for  support- 
ing the  front  corners  of  the  haversack  and  clothing-bag. 

The  dothingbag  is  made  of  stout  canvas  duck  with  India-rubber  flap, 
cut  16f  inches  long  by  13f  inches  wide,  and  laps  backward  over  the 
canvas  J  of  an  inch.  This  flap  has  an  inside  pocket  12  inches  deep  and 
nearly  as  wide  as  the  flap. 

The  main  pocket  of  the  clothing-bag  is  12^  inches  deep  in  front  by 
llf  inches  wide  at  the  bottom  and  10^  inches  wide  at  the  top.  The  top 
is  strengthened  by  a  border  of  white  leather  f  of  an  inch  wide  extend- 
ing around  the  bag. 

The  gusset  is  38  inches  long  by  5f  inches  wide  in  middle  and  4^  inches 
at  the  ends,  and  tapers  back  from  ends  8  inches. 

It  also  has  a  pocket  for  extra  ammunition,  cut  lOl  inches  wide  by  7 
n  che»  deep,  with  selvage  top.    Also  two  straps  fastened  to  the  flap,  and 
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which  buckle  under  the  clothes-bag  ^  also  two  buckles  at  the  corners  to 
attach  the  bag  to  the  brace-yoke. 

The  Hav€rm4sk  is  made  of  the  same  material  as  the  clothing-bag,  bat 
is  a  little  smaller.  The  flap  is  cat  14|  inches  long  by  13^  inches  wide. 
The  front  is  cut  12  inches  deep  by  9X  inches  wide.  It  has  an  outside 
pocket  for  meat-can  and  plate  combined,  9^  inches  wide  by  10  inches 
deep,  rounded  at  the  bottom,  with  selvage  top.  Gusset  32^  inches  long^ 
by  3^  inches  in  width  in  the  middle  and  3^  inches  at  ends,  tapers  back 
from  the  ends  5  inches.  Three-eighths  of  an  inch  for  all  seams  included 
in  these  dimensions.  The  haversack  has  a  buckle  at  each  upper  corner 
to  attach  it  to  the  yoke,  a  buckle  and  strap  on  flap,  and  a  strap  to  hold 
the  clothing-bag  and  it  together,  to  secure  steadiness.  The  haversack 
belonging  to  this  equipment  has  been  constructed  under  the  directions 
of  the  board,  so  as  to  contain  a  knife,  fork,  spoon,  meat-can,  and  plate, 
combined,  with  a  tin  cup  attached  to  the  strap,  and  may  be  carried  over 
either  shoulder  or  attached  to  the  brace-yoke.  The  strap  for  the  shoulder 
is  much  longer  and  broader  than  those  now  furnished,  and  is  ajustable 
to  the  size  of  any  man  by  means  of  a  double-barred  brass  buckle,  in- 
vented by  Maj.  Alex.  Chambers. 

The  knifejforJcj  and  spoon  in  the  model  were  manufactured,  according 
to  the  specifications  of  the  board,  by  Lamson,  Goodenew  &  Co.,  of  New 
York.  They  should  be  furnished  by  the  Government,  and  cost  only 
about  $9  per  gross. 

The  meat-can  and  plate  combined  consists  of  two  oval  dishes  made  of 
block-tin,  one  deeper  than  the  other,  which  fit  together,  forming  a  meat- 
ration  can  of  the  following  dimensions : 

Length,  8  inches;  width,  6^  inches;  depth  of  whole  can,  1^  inches 
when  closed ;  the  lower  dish  to  be  1  inch  in  depth ;  the  plate  f  of  an 
inch  in  depth. 

To  the  deeper  dish  or  plate  is  attached  a  light  iron  handle,  which 
folds  over  and  holds  the  two  together.  The  one  with  the  handle  may 
be  used  to  eat  soup  out  of;  as  a  frying-pan ;  or  to  warm  up  cold  food, 
and  many  other  purposes  that  will  suggest  themselves  when  it  is  used. 

The  board  recommend  that  the  knife,  fork,  meat-can,  and  tin  cup  be 
furnished  by  the  Ordnance  Department  and  issued  as  other  ordnance- 
Stores. 

The  canteen  submitted  by  the  Ordnance  Department  meets  with 
approval,  and  is  recommended  for  adoption  with  the  broad  strap  and 
the  Chambers  buckle,  as  per  accompanying  sample.    (See  Plate.) 

The  tcaist-belt  and  plate  submitted  by  Col.  P.  Y.  Hagner,  Ordnance 
Department,  meets  the  requirements  of  the  service,  and  is  recommended 
for  adoption.    Sample  forwarded. 

When  the  bayonet  is  carried,  we  recommend  that  the  scabbard  shall 
be  of  ateelj  as  is  now  issued. 

When  the  trowel-bayonet  is  carried,  the  scabbard  now  being  manufac- 
tured at  this  arsenal  seems  to  be  suitable. 

We  desire  to  remark  in  this  connection  that  if  the  trowel-bayonet  is 
substituted  for  the  triangular  bayonet  throughout  the  Army,  our  sol- 
diers will  be  deprived  of  a  very  efiicient  defensive  weapon  without  pro- 
viding them  with  an  effective  intrenching-tool.  A  bayonet  has  been 
found  to  be  always  more  or  less  necessary,  but  in  our  service  an  intrench- 
ing-tool might  not  be  required  for  use  once  in  ten  years.  Would  it  not 
be  better  to  leave  the  bayonet  as  it  now  is,  and,  when  necessity  requires, 
add  to  the  soldier's  equipment  a  light,  effective  intrenching-tool,  some- 
thing similar  to  the  picket-shovels  used  in  the  Army  toward  the  close 
of  the  late  war  f 
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The  board  recommend  that  the  sword  shall  no  longer  form  a  part  of 
the  equipment  of  company  sergeants. 

The  board  recommend  for  adoption  the  cartridge-box  invented  by 
First  Lient.  Samuel  McKeever,  Second  Infantry. 

It  is  made  of  leather,  is  6f  inches  long,  3^  inches  wide,  and  1^  inches 
thick.  It  is  carried  on  the  waist-belt  by  two  loops,  opens  from  the  top, 
the  oatside  half  working  on  a  hinge  formed  by  a  brass  rod  running 
under  the  box  and  holding  it  together.  The  cartridges  are  held  in 
webbing  loops,  ten  in  each  section  of  the  box,  and  are  readily  extracted 
from  the  box,  a  bellows  arrangement  allowing  the  tops  of  the  cartridges 
to  incline  forward  when  the  box  is  open.  It  has  been  improved  by  the 
addition  of  a  brass  escutcheon,  and  by  making  the  bellows  of  russet 
leather,  which  is  stronger  than  the  kind  used  by  Lieutenant  McKeever, 
and  is  not  so  liable  to  corrode  the  cartridges.  This  box  posseses  all  the 
merits  of  the  thimble,  or  service,  or  Hazen's  belt,  which  has  been  highly 
recommended  by  many  officers  of  the  Army,  with  the  additional  advan- 
tages of  protecting  the  cartridges  from  the  danger  of  loss,  or  exposure 
to  dust  or  moisture. 

Kg  provision  has  been  made  in  this  box  for  a  screw-driver,  but,  when 
necessary  to  carry  one,  a  cartridge  may  be  taken  out  and  the  screw- 
driver inserted  in  its  place. 

The  following  are  some  of  the  merits  of  the  Palmer  brace  system : 

The  back-pad  gives  additional  bearing-surface  for  the  weight  carried. 
Its  shape  enables  the  shoulder-straps  to  be  riveted  in  such  a  manner  as 
to  separate  them  on  the  back  and  shoulders.  The  manner  of  connect- 
ing the  front  ends  of  the  shoulder-straps  secures  a  bearing  on  each. 

The  double  shoulder-straps  have  more  bearing-surface  and  press  into 
the  shoulders  less  than  single  straps,  and  are  readily  moved  from  place 
to  place  on  the  shoulders,  to  give  ease  to  the  wearer.  They  cannot  slip 
off  the  shoulders,  being  retained  by  their  connection  with  the  back-pad. 

The  braces  adjust  themselves  to  fit  any  size  or  form  of  shoulders,  and 
enable  a  load  to  be  carried  without  compressure  of  the  waist  or  chest,^ 
or  bearing  down  on  the  hips,  or  pulling  backward  of  the  shoulders^ 
leaving  the  body,  arms,  and  shoulders  free  in  their  movements.  In 
other  words,  the  weight  is  brought  to  bear  vertically  upon  the  should- 
ersy  without  deranging  the  equilibrium  of  the  body,  with  its  attending 
discomfort  and  ultimate  permanent  injury  to  vital  organs. 

The  bags  should  be  worn  well  up  under  the  arms,  the  front  straps 
being  buckled  a  little  shorter  than  the  rear  straps,  but  they  may  be 
worn  at  any  height  desired  by  letting  out  or  taking  up  the  straps  sup- 
porting them.  But  one  bag  may  be  worn,  (on  either  side,)  the  rear 
strap  supporting  it  being  buckled  shorter  than  the  front  one.  In  an 
emergency  both  bags  can  be  filled  with  rations,  leaving  the  extra 
clothing  in  camp,  thus  enabling  the  soldier  to  carry  six  or  eight  days' 
rations. 

The  blanket  should  be  folded  flat,  about  eleven  or  twelve  inches  high, 
and  fourteen  or  fifteen  inches  wide.  It  would  be  well  to  wrap  the 
poncho  or  shelter-tent  around  it.  The  blanket  may  be  carried  at  the 
side,  taking  the  place  of  one  of  the  bags,  the  straps  on  the  back-pad 
and  shoulder-strap  being  buckled  into  the  buckles  on  the  blaDke^strap. 

One  or  four  cartridge-boxes  may  be  carried.  The  overcoat,  folded, 
may  be  buckled  under  the  flap  of  the  haversack  or  clothes-bag. 

The  equipment  is  put  on  by  holding  the  shoulder-straps  in  the  hands, 
leaving  the  right-hand  strap  unhooked,  the  bags  in  front  of  the  body^ 
flaps  to  the  rear,  and  swinging  them  round  to  the  left  on  the  back,  at 
the  same  time  turning  them,  the  left  arm  passing  under  the  shoulder* 
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€tra^,  the  right  hand  passing  over  the  head  and  under  the  right  shoalder- 
strap ;  the  waist-belt  straps  are  then  buckled,  and  the  right-hand  strap 
is  hooked. 

In  this  equipment  the  means  are  provided  for  carrying  the  following 
articles : 

A  woolen  blanket,  rnbher  poncho,  (an  overcoat  for  winter,)  one  pair 
of  extra  shoes  and  stockings,  an  extra  shirt,  extra  drawers,  towel,  soap, 
comb,  and  brnsh,  three  (or  six)  days'  rations,  and  from  twenty  to  eighty 
rounds  of  cartridges;  the  maximum  weight  of  which,  including  rifle, 
bayonet,  and  scabbard,  forty  rounds  of  ammunition,  and  three  days' 
rations,  is  thirty-eight  pounds;  ordinarily  it  would  be  reduced  to  twenty 
or  twenty-five  pounds. 

The  poncho  submitted  with  this  equipment  was  especially  prepared  by 
the  Goodyear  India-Bubber  Manufacturing  Company,  at  the  request  of 
the  board,  and  we  recommend  that  the  poncho  furnished  be  of  this 
pattern. 

It  is  not  intended  that  the  entire  equipment  should  be  always  worn, 
or  that  all  the  articles  should  of  necessity  be  in  the  clothing-bag;  on 
the  contrary,  it  is  proposed  to  carry  only  one  cartridge-box  on  ordinary 
occasions  in  garrison,  and  when  in  the  field  only  such  things  as  the 
nature  of  the  duty  may  require. 

Many  officers  have  recommended  that  the  knapsack,  or  valise,  be 
abolished  altogether,  and  in  its  place  our  soldiers,  when  in  the  field, 
should  carry  simply  a  change  of  underclothing  rolled  in  their  blankets 
and  carried  over  the  shoulder  en  handoli^. 

There  are  so  many  objectionable  features  to  this  method  that  it  would 
seem  almost  supererogatory  to  enumerate  them ;  but  in  view  of  the 
prominence  which  has  been  given  to  this  matter,  the  board  feel  called 
upon  to  indicate  the  objections  they  have  to  it. 

In  the  first  place,  then,  the  custom  originated  in  necessity.  At  the 
opening  of  the  spring  campaigns  our  soldiers,  heavily  weighted  with  the 
old-fashioned  knapsacks,  with  the  accumulations  of  the  winter,  after  the 
first  few  miles,  exhausted  by  their  packs,  availed  themselves  of  a  favor- 
able opportunity  to  stop  by  the  road-side,  and  to  take  from  their  knap- 
sacks a  few  things,  which  they  rolled  in  their  blankets,  the  ends  of  which 
they  tied  together,  and  slung  over  their  shoulders,  abandoning  all  other 
articles  of  clothing.  Any  one  who  will  take  the  trouble  to  try  this  on 
a  warm  day  will  find  himself  enveloped  in  blankets,  and  although  he 
may  scarcely  feel  the  weight  on  his  shoulder,  bis  breast  will  be  op- 
pressed, his  clothing  will  be  bound  to  him,  and  he  cannot  handle  his 
piece  with  any  degree  of  facility. 

In  garrison  we  recommend  that  each  soldier  be  provided  with  a  box 
or  locker  of  the  following  dimensions,  to  store  his  full-dress  uniform  and 
extra  clothing. 

Dimensions  of  the  box  : 
Length,  24  inches. 
Breadth,  12  inches.  )   ^    .,      , 
Height,  10  inches.  J   ^"  ^^^  ^^^^^' 

To  be  constructed  of  pine  f  of  an  inch  thick,  with  iron  hinges  10 
inches  in  length  and  IJ  wide,  with  lock  and  key.  These  boxes  to  be 
permanent  fixtures  of  the  barracks. 

We  recommend  that  a  box  of  cleaning-material^  similar  in  construction 
to  the  sample  furnished  from  the  National  Armory,  Springfield,  be  sup- 
plied to  each  company,  in  the  following  quantities: 

2  quart-cans  of  anti-corrosive  and  lubricating  oil. 

1  box,  holding  forty  ounces,  scouring-material,  marked  I. 
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1  box,  containing  sixteen  oances,  polishing-material  for  leathery 
marked  II. 

1  box,  holding  forty  oances,  of  whiting. 

2  chamois-skins  aboat  two  feet  square. 
1  wire  scratch  brnsb. 

The  board  have  carefully  examined  and  experimented  with  the  attach- 
ment to  the  Springfield  rifle,  cal.  .45,  together  with  the  belt  and  con- 
trivance for  carrying  the  loaded  cartridge-blocks,  invented  by  Lieut. 
Henr>'  Metcalfe,  of  the  Ordnance  Department. 

Being  satisfied  of  its  great  merit,  the  board  recommend  that  a  limited 
number  of  the  Springfield  rifles,  cal.  .45,  to  be  fixed  by  the  Chief  of 
Ordnance,  together  with  the  belt,  blocks,  and  holders,  be  prepared  and 
issued  to  different  regiments  for  trial  in  actual  service. 

A  sample  of  the  whole,  together  with  a  rifle  prepared  with  the  attach- 
ment, is  herewith  submitted. 

The  board  recommend  that  waterproof  paper  be  used  to  cover  the 
blocks,  in  order  that  they  may  be  rendered  impervious  to  the  action  of 
water. 

In  concluding  our  report,  we  desire  to  remark  that  we  have  labored 
diligently  to  arrive  at  a  satisfactory  solution  of  the  difi^cult  problems 
submitted  to  us,  and  while  not  claiming  perfection  as  the  result  of  our 
investigations,  we  feel  assured  that  the  principles  involved  in  the  equip- 
ment are  correct,  and  it  remains  for  practical  trials  in  actual  service  to 
demonstrate  what  further  improvements  can  be  made. 

We  desire,  also,  to  express  our  thanks  to  Col.  P.  V.  Hagner,  com- 
manding Watervliet  Arsenal,  for  valuable  suggestions  and  assistance, 
and  to  other  officers  of  the  Army  who  have  aided  us  materially  by 
giving  in  detail  the  result  of  their  experience. 

W.  R.  SHAFTER, 
Lieutenant- Colonel  Twenty-fourth  Infantry^  President  of  Board, 

A.  Mod.  McCOOK, 
Lieutenant- Colonel  Tenth  Infantry. 

T.  C.  ENGLISH, 
Lieutenant- Colonel  Second  Infantry. 
ALEX.  CHAMBERS, 
Major  Fourth  Infantry. 
M.  H.  STACEY, 
Captain  Twelfth  Infantry^  Recorder. 
The  Chief  of  Obdnange, 

Washingtonj  D,  C, 

[First  indorsement.] 

Ordnance  Office,  December  14, 1874. 

Respectfully  submitted  to  the  Secretary  of  War,  for  approval  of  the 
recommendations  of  the  board. 

S.  v.benEt, 

Brigadier- Oeneral,  Chief  of  Ordnance. 

Respectfully  referred  to  the  Adjutant  General,  to  submit  to  the  con- 
Bideration  of  the  General  of  the  Army. 
By  order  of  the  Secretary  of  War : 

H.  T.  CROSBY, 
Chief  Clerk. 
Decembeb  19, 1874. 
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9  [Second  indorsement.] 

War  Department,  Adjutant  General's  Office, 

Washington^  December  22, 1874, 

Respectfully  referred  to  the  General  of  the  Army  for  his  consideration. 
By  order  of  the  Secretary  of  War : 

E.  D.  TOWNSEND, 
Adjutant  General. 

[Third  indorsement.] 

Headquarters  of  the  Army,  Saint  Louis,  Mo., 

December  26, 1874. 

Bespectfally  retained.  The  officers  composing  this  board  have  had  a 
large  and  wide  experience,  and  their  conclusions  are  entitled  to  full 
weight. 

Their  recommendation  that  in  all  permanent  barracks  should  be  pro- 
vided boxes  in  which  to  stow  away  the  clothing  of  the  men  is  good,  and 
is  approved.  Instead  of  a  common  lock,  I  would  suggest  a  staple  and 
hasp,  leaving  each  man  to  provide  his  own  padlock.  In  practice,  the 
keys  are  invariably  lost.  In  like  manner  should  be  issued  to  each  man, 
as  a  part  of  his  outfit,  the  mess-kit  herein  provided  for.  After  a  first 
issue  he  should  be  required  to  replace  lost  or  broken  parts  at  his  own 
cost. 

The  braces,  knapsack,  haversack,  and  cartridge-box  are  all  approved, 
and  recommended  for  adoption.  I  agree  with  the  board  that  there  is 
danger  that  in  the  use  of  the  trowel  bayonet,  the  musket  being  used  as 
a  handle,  will  bend  the  barrel  and  seriously  damage  it  for  firing. 

W.  T.  SHERMAN, 

General. 

[Fourth  indorsement.] 

War  Department,  Adjutant  General's  Office, 

Washington^  December  30, 1874. 

Respectfully  returned  to  the  Secretary  of  War. 

E.  D.  TOWNSBND, 
Adjutant  General. 

[Fifth  indorsement.] 

Chief  of  Ordnance : 

The  report  of  the  board  is  approved,  as  suggested  by  the  General  of 
the  Army,  with  the  modifications  recommended  by  him. 

WM.  W.  BELKNAP, 
Secretary  of  War. 

January  4, 1875.  ' 
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Appendix  E. 
armament  for  sea-coast  defense. 

Message  from  the  President  of  the  United  States  j  relative  to  the  condition  of 
the  armament  of  our  fortifications  and  the  necessity  for  immediate  pro- 
vision by  Congress  for  the  procurement  of  heavy  cannon. 

January  20, 1875. — Referred  to  the  Committee  on  Military  Affairs  and  ordered  to  be 

printed. 

To  the  Senate  and  House  of  Representatives : 

Id  my  annual  message  of  December  1, 1873,  while  inviting  general 
attention  to  all  the  recommendations  made  by  the  Secretary  of  War, 
.vour  special  consideration  was  invited  to  "  the  importance  of  preparing 
for  war  in  time  of  peace  by  providing  proper  armament  for  our  sea-coast 
defenses.  Proper  armament  is  of  vastly  more  importance  than  fortifi- 
cations. The  latter  can  be  supplied  very  speedily  for  temporary  pur- 
poses when  needed.    The  former  cannot.'' 

These  views  gain  increased  strength  and  pertinence  as  tlie  years  roll 
by,  and  I  have  now  again  the  honor  to  call  special  attention  to  the  con- 
dition of  the  '^armament  of  our  fortifications,"  and  the  absolute  neces- 
sity for  immediate  provision  by  Congress  for  the  procurement  of  heavy 
cannon.  The  large  expenditures  required  to  supply  the  number  of  guns 
for  oar  forts  is  the  strongest  argument  that  can  be  adduced  for  a  liberal 
annual  appropriation  for  their  gradual  accumulation.  In  time  of  war 
such  preparations  cannot  be  made,  cannon  cannot  be  purchased  in  open 
market,  nor  manufactured  at  short  notice ;  they  must  be  the  product  of 
years  of  experience  and  labor. 

I  herewith  inclose  copies  of  a  report  of  the  Chief  of  Ordnance  and  of 
a  board  of  ordnance  officers  on  the  trial  of  an  8-inch  rifle  converted 
from  a  10-inch  smooth-bore,  which  shows  very  conclusively  an  economi- 
cal means  of  utilizing  these  useless  smooth-bores  and  making  them  into 
8-inch  rifles  capable  of  piercing  7  inches  of  iron.  The  1,294 10-inch  Rod- 
man guns  should,  in  my  opinion,  be  so  utilized,  and  the  appropriation 
re(iuested  by  the  Chief  of  Ordnance  of  $250,000  to  commence  these  con- 
versions is  urgently  recommended. 

While  convinced  of  the  economy  and  necessity  of  these  conversions, 
the  determination  of  the  best  and  most  economical  method  of  providing 
guns  of  still  larger  caliber  should  no  longer  be  delayed.  The  experience 
of  other  nations,  based  on  the  new  conditions  of  defense  brought  prom- 
inently forward  by  the  introduction  of  iron-clads  into  every  navy  afloat, 
demands  heavier  metal  and  rifle-guns  of  not  less  than  12  inches  in  cal- 
iber. These  enormous  masses,  hurling  a  shot  of  700  pounds,  can  alone 
meet  many  of  the  requirements  of  the  national  defenses.  They  must  be 
provided,  and  experiments  on  a  large  scale  can  alone  give  the  data 
necessary  for  the  determination  of  the  question.  A  suitable  proving- 
ground,  with  all  the  facilities  and  conveniences  referred  to  by  the  Chief 
of  Ordnance,  with  a  liberal  annual  appropriation,  is  an  undoubted  neces- 
sity. The  guns  now  ready  for  trial  cannot  be  experimented  with  with- 
out fnnds,  and  the  estimate  of  $250,000  for  the  purpose  is  deemed  rea- 
sonable, and  is  strongly  recommended. 

The  constant  appeals  for  legislation  on  the  '<  armament  of  fortifica- 
tions" ought  no  longer  to  be  disregarded,  if  Congress  desires  in  peace 
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to  prepare  the  important  material  without  which  future  wars  must  in- 
evitably lead  to  disaster. 

This  subject  is  submitted  with  the  hope  that  the  consideration  it 
deserves  may  be  given  it  at  the  present  session. 

U.  S.  GRANT. 

Executive  Mansion,  January  20, 1876. 


Ordnance  Office,  War  Department, 

December  14, 1874. 

Sir  :  I  have  the  honor  to  submit  for  the  action  of  the  Secretary  of 
War  the  following: 

I.  In  my  annual  report,  submitted  in  October  last,  I  expressed  the 
belief  that,  prior  to  the  meeting  of  Congress,  much  valuable  informa- 
tion would  be  obtained  from  experiments  with  certain  experimental  guus, 
then  nearly  ready  for  trial,  as  would  enable  this  Bureau  to  report  under- 
standingly  on  that  most  important  subject,  the  '^  armament  of  our  for- 
tifications." Although  the  information  is  not  as  complete  as  was  ex- 
pected, sufficient  has  been  done  and  reported  upon  which  to  base  the 
following  recommendations. 

There  are  at  present  in  our  forts  the  following  heavy  guns  : 

321 15-inch  Eodman  guus,  smooth-bore. 

1,294  10-inch  Eodman  guns,  smooth-bore. 

90  8-inch  Parrott  rifles. 

40  lOinch  Parrott  rifles. 

These  Parrott  rifles,  even  if  reliable  when  using  the  heavy  battering- 
charges  required  in  modern  warfare,  of  which  doubts  are  entertained, 
are  so  few  in  number  as  to  constitute  but  an  unimportant  item  among 
the  4,181  guns  required  for  our  forts,  when  ready  for  their  armament. 
£ifle-guus  ranging  from  8  inches  to  12  inches  in  caliber,  with  power 
sufficient  to  penetrate  at  considerable  distances  the  armor  of  ironclad 
vessels,  must  be  provided.  The  heaviest  rifles  are  the  guns  of  the  pres- 
ent, as  they  will  be  of  the  future,  and  while  smooth-bores  may  for  some 
time  to  come  play  a  secondary  part,  for  want  of  a  more  powerful  weapon, 
they  must  inevitably  yield  to  the  rifle  in  every  important  juncture,  as 
the  old  smooth-bore  musket  has  given  place  to  the  breech-loading  rifle 
in  the  hands  of  the  soldier.  While  thus  expressing  the  conviction  that 
the  days  of  smooth-bore  ordnance  are  passing  away,  I  desire  to  call 
attention  to  the  fact  that  the  first  grand  stride  toward  the  introduction 
of  great  guns  in  any  service  was  made  in  this  country  by  the  late  Gen- 
eral Eodman,  of  the  Ordnance  Department,  whose  reputation  as  au 
ordnance  officer  is  world-wide,  and  that  the  15-inch  gun  he  first  made  in 
1861  was  the  most  powerful  weapon  then  known,  soon  to  be  surpassed 
by  his  20-inch  smooth-bore,  made  in  1864,  weighing  116,000  pounds,  and 
throwing  a  shot  weighing  1,080  pounds.  The  introduction  of  ironclads 
in  modern  warfare  calls,  however,  for  the  penetrating  power  of  heavy 
rifles,  and  the  smashing  and  racking  effect  of  a  15-inch  smooth-bore 
must  yield  to  the  working  energy  of  a  12-inch  rifle  that  will  pierce  the 
thickest  iron  armor  at  long  distances. 

How  best  and  most  economically  to  provide  for  this  great  want  has 
exercised  the  brain  and  skill  of  the  most  distinguished  officers  in  every 
country,  and  caused  the  expenditure  of  millions  of  money.  There  is  lit- 
tle doubt  that  steel  is  the  best  material  for  guns,  but  the  product  is  by 
far  too  costly  to  be  considered  now,  and,  besides,  would  have  to  be  pro- 
cured abroad.    Wrought-iron  guns  lined  with  steel,  as  adopted  by  £n- 
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gland,  have  not  giveu  that  satisfaction  that  would  justify  an  expenditure 
of  several  millions  of  mou'^By  in  plant  for  their  manufacture.  In  this 
country,  the  success  of  the  Ordnance  Department  in  improving  the 
quality  of  our  cast  iron  for  cannon  has  been  marked  and  satisfactory, 
and  we  may  lay  claim,  with  good  reason,  to  the  best  cast-iron  guns  in 
the  world.  They  require,  however,  to  be  strengthened  when  subjected 
to  the  enormous  strains  which  as  rifles  they  are  to  withstand ;  and  the 
success  abroad  of  lining  cast  iron  with  wrought  iron  or  steel,  has  sug- 
gested an  easy  and  economical  mode  of  converting  our  cheap  cast-iron 
smooth-bores  into  powerful  and  efficient  rifles.  Our  trial  thus  far  with 
a  10-inch  Bodman  gun  lined  with  wrought  iron  and  converted  into 
an  8-inch  rifle  gives  piomise  of  success;  and  another  lined  with  steel, 
now  nearly  ready  for  firing,  may  probably  give  equal,  if  not  better,  re- 
salts.  This  8-inch  rifle  has  already  been  fired  328  rounds,*  with  bat- 
tering-charges of  35  pounds  of  powder  and  180-pound  shot,  giving  an 
average  velocity  of  about  1,425  feet,  and  a  working  energy  of  nearly 
5,000,000  foot-pounds;  capable  of  penetrating  seven  inches  of  iron  armor 
at  distances  from  500  to  1,000  yards.  This  success  enables  us  at  com- 
paratively small  cost  to  utilize  the  1,294  10-inch  smooth-bore  guns, 
which  as  smooth-bores  are  utterly  useless  against  iron-clads,  by  con- 
verting them  into  8-inch  rifles  capable  of  penetrating  7  inches  of  iron 
armor. 

The  value  and  interest  of  this  proposed  conversion  is  all  the  greater 
from  the  fact  that  the  casemates  of  our  forts,  designed  many  years 
since,  are  too  contracted  to  accommodate  a  gun  of  much  larger  size 
than  the  10-inch  Eodman  ;  and  this  very  gun  intended  for  that  special 
purpose  can  thus  be  strengthened  and  increased  in  power,  to  meet  the 
greater  demands  that  modern  improvements  in  naval  attack  and  defense 
make  upon  it. 

In  again  urging  upon  Congress  the  absolute  necessity  for  some  action 
that  will  enable  us  to  place  our  forts  in  fighting  condition  by  providing 
their  armament,  I  will  be  excused  for  stating  an  undeniable  fact,  which 
appears  to  be  entirely  ignored,  that  a  fort  is  worse  than  useless  without 
guns  to  ai*m  it ;  indeed,  that  it  is  not  a  fort  at  all  without  its  armament — 
more  like  a  body  without  a  soul ;  and  that  other  fact,  which  also  seems 
to  be  lost  sight  of,  that  cannon  cannot  be  purchased  ready-made  in 
market,  but  have  to  be  manufactured  specially,  and  must  be  provided  in 
time  of  peace.  It  is  certainly  the  part  of  wisdom  to  be  prepared  for 
future  warl^  that  occur  in  the  life  of  every  nation,  but  should  our  appeals 
be  constantly  disregarded  and  the  next  war  find  the  country  unpre- 
pared, and  our  sea-coast  defenseless  and  at  the  mercy  of  an  enterprising 
enemy,  the  responsibility  for  all  subsequent  disasters  cannot  rest  on  the 
Ordnance  Department  of  the  Army,  nor  on  the  Secretary  of  War,  nor 
the  Executive. 

I  have,  therefore,  the  honor  to  recommend  that  an  appropriation  of 
1250,000  be  made  by  Congress  for  converting  smooth-bore  guns  into 
rifles  by  lining  with  wrought  iron  or  steel. 

The  above  sum  will  enable  us  to  convert  at  least  140  guns. 

II.  In  1872  Congress  appropriated  $270,000  "for  experiments  and 
tests  of  heavy  rifled  ordnance.*'  The  guns  "  designated  by  a  board  of 
officers  appointed  by  the  Secretary  of  War,"  under  the  provisions  of  the 
act,  have  been  in  preparation  under  the  supervision  of  their  respective 
inventors,  and  the  whole  number  will  probably  be  ready  for  trial  in  the 
^Tly  spring.    The  necessity  and  convenience  of  having  a  proving  and 

*  Up  to  date,  Deotimber  19,  this  gun  has  been  fired  44H  rounds. 
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experimental  ground  in  near  proximity  to  the  city  of  New  York  h 
forced  the  Department,  with  yoar  approval,  to  establish  a  temporary  on 
on  the  Government  reservation  at  8audy  Hook,  New  York  Harbor. 

Even  in  the  trial  of  the  8inch  ritie,  referred  to  above,  this  Depart 
ment  has  been  hampered  by  the  want  of  funds,  and  the^e  importaul 
experiments,  that  will  eventually  lead  to  a  determination  of  the  qnestio 
so  vital  to  the  national  defense,  have  had  to  be  conducted  under  gr 
embarrassments,  and  with  the  rudest  appliances  and  conveniences. 

It  is  expected  that  by  the  opening  of  spring  eight  guns,  varying  i 
caliber  iix>m  8  inches  to  12  inches,  and  in  weight  from  16,000  to  85,0 
pounds,  will  be  ready  for  firing.  The  firing  of  a  12-inch  rifle  is  a  very 
expensive  business,  each  round  fired  costing  about  $100.  As  the  gun 
may  stand  500  rounds,  its  trial  will  cost  $50,000,  and  only  in  a  lesc 
degree  will  the  expense  be  in  the  trial  of  guns  of  smaller  caliber.  ] 

Funds  necessary  for  this  purpose  should  be  appropriated  ;  and,  added 
to  this,  a  sum  sufiicient  to  provide  all  the  carriages,  depressing  and| 
others,  butts  and  platforms,  and  all  the  appliances,  conveniences,  and^ 
labor  required  for  the  prosecution  of  such  exact  and  important  work,     i 

I  know  of  no  military  or  naval  power  that  has  not  provided  an  exper«i 
imental  and  proving  ground  with  every  facility  for  conducting  trialsl 
upon  a  grand  scale;  and  there  is  no  way  of  avoiding  considerable  ex- 
penditure, while  seeking  and  obtaining  the  necessary  data  from  which  i 
to  draw  conclusions,  that  will  lead  to  such  large  expenditures  in  the 
future  in  arming  our  fortifications. 

I  have,  therefore,  the  honor  to  recommend  that  an  appropriation  of 
$250,000  be  made  for  proving-ground  and  experiments  and  tests  of  heavy 
ordnance. 

Very  respectfully,  your  obedient  servant, 

S.  Y.  BENET, 
Brigadier- General^  Chief  of  Ordnance. 

The  Hon.  Seceetaby  op  Wab. 


December  24, 1874. 

The  gun  up  to  this  date  has  been  fired  613  times,  500  of  which  with 
battering-charges.  After  the  most  careful  examination  and  measure- 
ments, no  damage  to  the  rifling  or  enlargement  of  the  bore  c^n  be  de- 
tected, and  the  gun  apparently  is  in  perfect  order — serviceable  in  every 
respect. 

S.  V.  B. 


REPORT  OF  TRIAL  OF  AN  B-INCH  RIFLE,  CONVERTED  FROM  A  10-INCH 
CAST-IRON  SMOOTH-BORE  RODMAN  GUN,  BY  LINING  WITH  A  COILED 
WROUGHT-IRON  TUBE,  INSERTED  FROM  THE  MUZZLE. 

Ordnance  Office,  October  9, 1874. 

Sir  :  I  have  the  honor  to  recommend  that  a  board  of  ordnance  offi- 
cers be  convened  in  the  city  of  New  York,  on  the  2l8t  of  October,  in- 
stant, or  as  soon  thereafter  as  practicable,  for  the  consideration  of  such 
ordnance  subjects,  and  the  trial  of  such  of  the  experimental  guns  pre- 
pared under  the  ^'  act  of  June  6, 1872,"  as  may  be  submitted  to  it  by  the 
Chief  of  Ordnance,  to  whom  its  reports  shall  be  made. 

The  following-named  officers  are  respectfully  recommended  for  detail : 
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;•  Maj.  S.  Crispin,  Ordnance  Department;  Maj.  T.  J.  Treadwell,  Ordnance 
^:  Department;  Maj.  T.  G.  Baylor,  Ordnance  Department;  Capt.  Geo.  W. 
,-  3IcKee,  Ordnance  Department,  as  recorder. 
[i  Verv  resi^ectfull y,  your  obedient  servant, 

S.  V.  BENfiT, 
Brigadier-Ocneralj  Chief  of  Ordnance, 

The  Hon.  Secretary  op  War. 


I) 

i    ■ 


rr. 


J., J  [Special  Orders  No.  221.] 

e;i  War  Department,  Adjutant  General's  Office, 

u  -J  Washington,  October  10,  1874. 


ill 


(Extract.) 

•  ••**•• 

G.  A  board,  to  consist  of  Maj.   S.   Crispin,  Ordnance  Department; 
Maj.  T.  J.  Treadwell,  Ordnance  Departn»ent ;  Maj.  T.  G.  Baylor,  Ord- 
)^rj  nance  Department,  and  Capt.  George  W.  McKee,  Ordnance  Department, 
i jL  as  recorder,  is  appointed  to  meet  in  New  York  City,  N.  Y.,  on  the  2l8t 
l-:i  day  of  October,  1874,  or  as  soon  thereafter  as  practicable,  for  the  con- 
(     sideratiou  of  snch  ordnance  subjects,  and  the  trial  of  such  of  the 
.    experimental  guns  prepared  under  the  *'  act  of  June  0, 1872,''  as  may 
be  submitted  to  it  by  the  Chief  of  Ordnance,  to  whom  its  reports  will  be 
made. 
Bv  order  of  the  Secretary  of  War. 
,         "  E.  D.  T0WNSE5ID, 

Adjutant  General. 


Report  of  the  trial  of  an  S-inch  rifle  converted  from  a  Winch  cast-iron 
smoothbore  Rodman  gun  by  lining  with  a  coiled  tcronght-iron  tube  in- 
serted from  the  muzzle. 

The  board  on  heavy  rifled  ordnance,  instituted  by  the  War  Depart- 
ment under  the  act  of  Congress  of  June  6,  1872,  for  the  selection  of 
breech-loading  and  muzzle-loading  rifled  ordnance  for  experiments  and 
tests*  recommended,  among  other  experiments,  as»follow*s : 

"That  in  order  to  test  the  system  of  gun-conversions  by  lining  with 
wrought  iron  or  steel  tubes,  (as  brought  to  the  notice  of  the  board  in  a 
communication  addressed  to  the  Chief  of  Ordnance  by  Maj.  S.  Crispin, 
and  referred  to  the  board  by  the  Ordnance  Department,)  that  four 
10-inch  smooth-bore  Kodman  guns  be  converted  to  muzzle-loading  rifles, 
using  two  calibers,  two  of  the  guns  to  have  a  caliber  of  not  less  than  8 
inches,  and  two  to  have  a  caliber  of  not  less  than  9  inches;  and,  further, 
that  two  of  the  guns  be  converted  by  tubing  from  the  rear,  and  two  by 
tubing  from  the  front ;  the  character  of  the  metal  lining,  whether  of 
steel  or  wrought  iron,  and  other  details  of  conversion,  to  be  determined 
by  the  War  Department." 

The  principal  consideration  which  induced  the  board  to  recommend 
these  tests  are  found,  it  is  believed,  in  the  following  extracts  from  a  com- 
munication addressed  by  Maj.  S.  Crispinto  the  Chief  of  Ordnance  under 
date  of  June  12,  1872  : 

"  In  recent  interviews  with  some  of  the  members  of  the  permanent 
board  of  engineers  of  the  United  States  Army,  my  attention  has  been 
forcibly  called  to  the  subject  of  the  utilization  of  our  existing  granite 

7  O 
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casemate  seacoast  defenses  by  the  replacement  of  tbeir  present  smooth- 
bore armament  and  the  introduction  of  rifled  gnns  of  the  higher  power 
which  these  works,  from  their  capacity,  will  admit  of  being  applied,  and 
which  armament  will  also  be  of  adequate  power  for  many  other  positions 
not  needing  our  heavier  calibers  of  10  and  12  inch  rifles. 

"  The  enormous  cost  of  these  works,  and  the  necessity  of  their  utiliza- 
tion by  the  introduction  of  an  armament  not  too  bulky  for  their  construc- 
tion— eflective  against  iron-clads  as  at  present  constructed — to  replace 
their  present  low  power,  8  and  10  inch  hmooth-bores,  and  other,  and 
motives  of  economy  should  lead,  in  my  judgment,  to  experiments  with  a 
view  of  determining  if  conversion  (already  successfully  inaugurated  in 
the  English  service)  of  our  cast-iron  smooth-bores  to  rifles  of  greatly 
increased  power  cannot  be  satisfactorily  made  in  our  service,  thus  utiliz- 
ing both  guns  and  casemates. 

"The  recommendations  of  the  jjrinnment  board  of  1867,  restricting 
our  calibers  to  10  and  12  inches  Jor  rifles,  ])rovide  onlj'  for  works  of  a 
capacity  for  their  introduction;  but  as  rilied  ordnance,  at  least  as  low 
as  8  inches,  can  be  eflectually  used  against  iron-clads,  this  question  of 
utilization  of  existing  works  inadequate  for  our  standard  calibers  re- 
ceives additional  importance.  Considering  that  General  Hodman,  in  his 
plans  for  heavy  ordnance,  contemplated  an  excess  of  strength  for  prac- 
tical use,  and  knowing  that  England  has  already  converted  over  Ave 
hundred  71-hundred-weight  smooth-bores,  and  has  one  hundred  more 
now  under  way  at  Elswick,  (prima-facie  evidence  of  success,)  it  would 
seem  that  we  would  be  warranted  in  undertaking  the  experiment  of  the 
conversion  of  a  lOinch  smoothbore  Kodman  gnu  to  a  rifle  of  a  caliber 
of  either,  say,  8  or  8^  inches,  the  exact  caliber  to  be  determined  by  a 
thorough  examination  and  consideration  of  data,  and  the  formation  of  a 
mature  judgment  as  to  what  should  be  the  maximum  bore,  consistent 
with  a  safe  and  durable  converted  gun. 

"  The  general  principles  of  conversion  proposed — the  lining  of  the  bore 
with  a  tube — it  will  be  remembered,  was  proposed  for  10  and  12  inch  ex- 
perimental rfles  by  the  ordnance  board  of  1868. 

"  The  experiment  preliminary  to  those  proposed  by  the  board  of  1868, 
to  line  a  lO-inch  and  12-inch  rifle,  would  at  a  moderate  cost  throw  con- 
siderable light  upon  this  subject,  and  is  another  reason  for  its  being  un- 
dertaken." 

.  The  decision  of  the  board  on  heavy  rifled  ordn«ance  in  this  regard 
having  been  approved,  two  lO-inch  smoothbore  cast-iron  liodman  guns 
have  been  converted,  by  lining  them  with  wrought-iron  coiled  tubes 
inserted  at  the  muzzle,  one  to  an  8-inch  rifle  and  the  other  to  a  9-inch 
rifle,  and  were  placed  at  the  disposal  of  the  board  on  experimental  guns, 
&c.,  by  the  Chief  of  Ordnance,  under  date  of  October  22, 1874,  and  with 
instructions  to  fire  500  rounds,  as  contemplated  by  the  board  on  rifling 
and  venting,  &c.,  convened  under  orders  of  the  Department  under  date 
of  March  29,  1873. 

Five  hundred  and  thirteen  rounds  have  been  fired  from  the  8-inch 
rifle  so  converted,  up  to  the  date  of  this  report,  under  the  supervision  of 
the  board. 

GUNS. 

JDesci'iption  of  the  S-inch  gun.    (Plate.) 

The  gun  is  essentially  composed  of  two  parts,  the  original  lO-inch 
smooth-bore  bored  up  to  an  interior  diameter  of  13.5  inches,  and  a  lin  - 
ingtube  of  coiled  wrought-iron,  (welded,)  the  breech  of  which  to  a  dis- 
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tance  of  32.5  inches  being  a  double  tube,  the  outer  one  shrunk  on  to  the 
inner,  the  former,  however,  having  the  same  exterior  diameter  as  the 
inner  tube  at  the  muzzle-end.  (See  plate.)  A  screw-collar,  B,  prevents 
the  tube  from  being  thrust  forward  at  the  muzzle  by  the  compression  of 
its  metal  by  repeated  firings.  The  bottom  of  the  tube  is  closed  by  a 
wrought-iron  base  or  cup. 

The  dimensions  of  the  finished  bore  of  the  cast-iron  body  and  the 
exterior  dimensions  of  the  inserted  wronght-iron  tube  are  given  in  the 
accompanying  table,  No.  3.  It  will  be  seen  that  play  between  the  cast- 
iron  body  and  the  tube  does  not  exceed  0.0105  inch  for  a  length  of  32 
inches  at  the  breech-end,  and  0.009  inch  for  the  remainder  of  its  length. 
The  tube  was  adjusted  to  the  cast-iron  body  with  great  care,  especially 
to  insure  its  breech-end  being  closely  in  contact  with  the  cast-iron. 
After  its  insertion,  it  was  secured  at  the  muzzle  by  the  screw-collar 
above  mentioned.  The  venting  is  the  ordinary  copper-bushing,  the  old 
vent  being  closed  by  a  wrought-iron  screw-plug. 

A  screw-plug,  C,  is  insert^  to  prevent  the  tube  from  turning. 

The^rifling  consists  of  15  grooves  and  lands,  (equal,)  with  a  uniform 
twist  of  one  turn  in  40  feet.  Additional  details  will  be  found  in  the 
drawing. 

The  weight  of  the  gnn  and  tube  complete  is  16,100  pounds. 

CARRIAGE. 

The  gun  is  mounted  on  the  ordinary  service  10-iuch  wrought-iron  car- 
riage for  the  service  of  our  10-inch  smoothbore  cannon  in  casemate.  It 
consists  of  the  upper  carriage  and  chassis,  the  total  weight  being  about 
C,000  pounds.  The  axis  of  the  gun  is  7  feet  above  the  surface  of  its 
wooden  platform. 

The  upper  carriage,  consisting  of  two  cheek-pieces  connected  by  its 
transoms,  has  attached  the  box,  clamp,  and  friction-plates  of  the  recoil- 
cbeckl 

The  only  changes  in  its  construction  are  the  ones  necessitated  by  the 
modes  adopted  for  checking  recoil  and  elevating  and  depressing  the 
gun. 

The  following  descriptions  set  forth  these  changes : 

The  recoil  is  checked  l)y  friction,  using  a  special  device.  The  princi- 
ple of  this  che<3k  is  as  follows  : 

**The  simple  friction  of  two  small  plates,  acting  in  contact  with  the 
apper  and  lower  surfaces  of  a  single  broad  wrought-iron  rail,  extending 
midway  between  the  chassis  rails  nearly  the  length  of  the  carriage,  com- 
bined with  the  increased  resistance  afforded  by  a  slight  wedge-shape 
given  to  the  latter,  afiford  the  power  for  absorbing  the  recoil. 

"  This  apparatus  is  secured  to  the  front  of  the  chassis  by  a  tran- 
som, taking  the  place  and  position  of  the  front  barters,  and  a  plate 
bolted  to  it  on  top,  between  which  the  friction-rail  passes,  and  is 
free  to  mote  to  the  front  longitudinally.  •  ♦  •  It  is  secured 
at  the  rear  end  by  a  rod  attached  to  a  rubber  or  steel  spring.  When 
the  recoil  of  the  upper  carriage  ceases,  the  strain  on  the  'friction- rail' 
is  at  end ;  but  the  elasticity  of  the  '  rail'  reacts,  and  if  it  was  rigidly 
attached  at  either  end,  a  tendency  to  buckle  would  evidently  exist  and 
destroy  it  as  a  recoil-check.  This  was  a  serious  imperfection  in  the 
smooth  multirail  compressor.  This  defect  does  not  exist  in  the  present 
arrangement.  The  front  end  of  the  'rail'  is  free  to  move  to  the  front, 
both  because  it  is  not  rigidly  fastened  to  the  front  hurter- transom  of  the 
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chassis,  and  has  a  flexible  attachment  at  the  other  or  rear  end,  afforded 
by  the  rubber  or  steel  spring. 

"  It  is  believed  that  by  permanently  attaching  the  box-clamp  to  the 
upper  carriage  and  employing  a  simple  antomatic  device  to  turn  the 
screw  through  a  given  arc,  and  acting  at  the  time  when  the  upper  car- 
riage is  into  battery,  a  decided  improvement  will  result;  especially  will 
this  provide  for  any  neglect  of  gunners  to  tighten  the  clamp  before 
firing,  and  thus  avoid  the  possibility  of  the  check  ever  being  in  a  condi- 
tion not  to  act  when  the  gun  is  tired." 

For  elevating  and  depressing,  two  circnlar-toothed  arcs,  having  their 
centers  at  the  axis  of  the  trunnion,  (one  on  each  side,)  are  attached  to 
the  gnn.  A  wroughtiron  axle  passing  throogh  the  cheek-plates  has  at 
one  end  a  hand-wheel.  By  simple  multiplied  gearing,  power  is  trans- 
mitted to  the  toothed  segments.  This  arrangement  admits  of  30 
degrees  of  elevation  and  14  degrees  of  depression.* 

The  means  for  loading  and  running  the  gnn  and  carriage  in  and  out 
of  battery  and  traversing  remain  unchanged  from  the  original  system 
of  10-inch  smooth  bore  carriages. 

The  ordinary  service-pintle  and  strengthened  pintle-transoms  (2  inches 
thick)  were  used  in  the  experiments. 

PLATFORM. 

The  details  of  the  wooden  platform  used  need  not  here  be  described. 
The  carriage,  complete,  weiglia  about  6,000  pounds ;  the  upper  Ciirriage 
weighs  2,500  pound8,  and  the  chassis  3,500  i><)unds. 

POWDER. 

The  experiments  at  Fort  Monroe  during  the  winter  of  1872  and  spring 
of  1873,  with  what  is  known  as  hexagonal  grained  powder,  manufact- 
ured by  Messrs.  E.  I.  Dn  Pont  &  Co.,  Wilmington,  Del.,  demonstrated 
the  superiority  of  this  powder  for  heavy  ordnance,  giving  low  maximum 
pressures  and  satisfactory  velocities,  with  great  uniformity  in  its  action. 
One  of  the  samples  tested,  designated  by  the  manufacturers  as  E.  V., 
was  selected  as  the  standard  for  guns  of  8  and  9  inch  calibers.t 

The  uniformity  in  size  of  grain  and  their  particular  polyhedral  shape 
insures  great  uniformity  in  the  position  and  size  of  the  numerous  inter- 
stices in  the  make-up  of  the  charges,  and  thus  insures,  with  an  uniformity 
of  density  in  grain,  a  high  degree  of  uniformity  in  pressures  and  veloci- 
ties for  given  charges  of  powder  and  weights  of  projectiles. 

The  above  is  confirmed,  it  is  believed,  b^^  the  results  shown  in  Table 
No.  1  of  this  report. 

The  powder  used  in  the  experiments  was  composed  of  the  United 
States  standard  proportions  for  its  different  ingredients,  and  had  a  spe- 


*Thi8  arrangement  wa»  only  used  during  tbe  last  rounds. 

t  Fourteen  charges,  with  100  pounds  of  E.  V.  hexagonal-grained  powder  and  450- 
ponud  shot  in  the  15-inch  gun,  gave  a  mean  maximum  pressure  of  18,964  pounds  and 
a  mean  initial  velocity  of  1,594  feet.  Three  charges,  using  120  pounds  £.  V.  hexago- 
nal-grained powder  and  450-ponnd  shot,  gave  a  mean  maximum  pressure  of  22,000 
pounds  and  a  mean  initial  velocity  of  1,696  feet. 

One  450-ponnd  shot,  with  125  pounds  charge,  gave  a  maximum  pressure  and  velocity, 
the  former  22,000  pounds  and  the  latter  l,7;k>  feet. 

Seven  rounds  from  an  8-inoh  wronght-iron  rifle,  with  35-ponnd  charge,  and  an  aver- 
age weight  of  projectile  of  168|  pounds,  gave  a  mean  maximum  pressure  of  29,714 
pounds  and  a  mean  initial  velocity  of  1,470  feet. 


REPOKT  OP  THE  CHIEF  OP  OEDNANCB.        101 

cjfic  grarity  of  1.7511.    Its  shape  nnd  dimensions  of  frraina  are  given  in 
the  accompanying  cat. 


•- J5- 


Tbe  cartridge-bags  were  made  allowing  a  wiudage  of  .85  inch,  the 
material  used  being  woolen  serge. 

The  friction  primers  were  maJo  at  Fraiikford  Arsetial,  aud  proved  of 
excellent  quality. 

I'ROJECTILES. 

The  projectiles  used  in  the  experiments  were  elongated,  cast-iron  cored 
shot,  ?'itb  soil -metal  bases,  to  take  the  grooves  and  insure  rotation. 

Two  kinds  were  enii)loyed,(  Butler  and  Arrick;)  see  Table  No.  1.  Their 
description  will  be  found  on  tbe  accompanying  plate. 

It  vill  be  seen  (Tables  Nos.  1  and  2)  that  4!)7  Butler  and  IC  Arrick 
were  fired  during  tbe  trials.'  Tbe  shapes  and  general  characteristics 
are  shown  in  the  plate. 

Tbe  weights  nsed  will  be  found  in  Table  No.  1. 

The  Butler  projectile  worked  smoothly  and  uniformly,  fully  taking  the 
grooveSjf  and  giving  general  satisfaction. 

EXPERIMENTS   AND   TESTS. 

Trials  were  first  made  with  charges  of  powder  varying  from  20  to  30 
pounds,  and  with  projectiles  varying  from  13T  to  173  pounds,  to  note 
resultiug  pressures  and  velocities  and  the  eCTects  on  the  gun,  and  were 
preliminary  to  the  use  of  35-pound  charges,  tbe  weight  selected  fur  the 
test  of  tbe  gun  for  endurance.  A  record  of  these  firings  is  given  in 
Table  No.  2.  Satisfactory  results  having  been  attniued,  (see  Table  No. 
2,)  esi^eriments  were  then  commenced  for  testing  tbe  endurance  of  the 
gun,  using  35'pouiid  charges.  Four  hundred  and  ninety -eight  rounds 
were  fired  with  this  charge,  and  six  rounds  with  a  charge  of  30  pounds, 
completing  a  record  of  five  hundred  and  four  rounds. 

The  results  of  these  firings  are  given  in  Table  No.  1. 

'FiriugR  were  HUfi|>L'n<l«il  nkli  tliu  Arrick  proJKctilea  after  tbe  Hixteeiith  rouuil— the 
lot  nf  lifty  iireaeiitmt  fnr  oiperiiiiKnts  ami  tests  being  Judged  b;  the  board,  in  view  of 
the  results  obtHined  with  the  sixlepD  rouDda  lired,  an  too  imperfect  to  warrant  fur- 
tbiT  trials  with  thfm.  It  hns  since  bfen  reported  to  the  hoard  tliat  the  details  of  thia 
pmjeclile  have  been  uiodiGeil  in  soniu  reH|Kct»,  and  that  the  resnlte  with  it  wurs  mare 
iuili«  factory. 

t  Tbe  majority  or  these  shot  were  recovered  and  examined. 
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It  will  be  seen  tbat  five  hundred  and  thirteen  rounds  in  all  have  been 
fired  from  the  gun.  The  velocities  were  taken  with  the  Le  Bonleng6 
chronograph.  The  Eodman  pressure-plug,  placed  in  the  cartridge-bag, 
was  used  for  ascertaining  the  maximum  pressures. 

The  calculated  energy  of  a  mean  weight  of  projectile  of  173.7  pounds, 
with  35  pounds  charge,  shows  a  power  about  equal  to  the  wrought-iron, 
8-inch,  English  service-rifle;  and  as  it  was  believed  that  the  length  of 
the  bore  would  enable  us  to  economically  burn  but  little,  if  any,  more 
powder,  a  charge  of  35  pounds  was  fixed  as  a  maximum  in  the  tests. 

The  mean  maximum  pressure  with  battering-charges,  it  will  be  seen, 
was  31,282  pounds. 

The  necessary  repairs  of  proof-butt,  the  delays  in  the  procurement  of 
projectiles,  &c.,  and  tbe  limited  and  imperfect  character  of  our  facilities 
at  command,  are  causes  which  prevented  an  earlier  completion  of  these 
experiments  than  December  23, 1874. 

The  gun  was,  as  a  rule,  washed  out,  star-gauged,  and  examined  at 
the  end  of  each  day's  firing. 

ACCURACY. 

Before  concluding  the  series  of  513  rounds  it  was  desired  to  make 
some  experiments  to  test  the  accuracy  of  the  systems  of  rifling  and  pro- 
jectiles. Accordingly  a  board  target,  20  by  40  feet,  was  erected,  exactly 
one  mile  (1,7G0  yards)  from  the  gun  ;  and,  commencing  with  the  four 
hundred  and  sixty-sixth  round,  on  December  22,  1874,  thirteen  consecu- 
tive shots,  using  35pound  charges,  were  placed  in  the  target,  thus  con- 
cluding the  record  of  that  day's  firing. 

The  details  of  this  firing  are  given  in  Table  No.  7,  and  the  accompanj'- 
ing  target-plotting  shows  the  accuracy  attained. 

Considering  the  appliances  used  for  laying,  traiuing,  sighting,  and 
pointing  the  gnu,  and  other  circumstances  attending  the  trial,  this  record 
must  be  considered  highly  satisfactory. 

The  remarkably  small  horizontal  deviation  affords  indisputable  evi- 
dence of  the  serviceable  condition  and  good  cliaracter  of  the  rifling,  and 
of  the  satisfactory  action  and  accuracy  of  the  projectiles. 

EFFECTS  ON   THE   GUN. 

The  attached  table  of  enlargements  (see  Table  No.  4)  shows  as  follows : 

After  the  first  five  rounds  the  star-gauging  indicated  no  sensible  en- 
largement of  the  bore;  showing  that  the  play  allowed  in  the  construc- 
tion, between  the  tube  and  cast  iron  body,  had  not  yet  been  obliterated, 
and  that  the  tube  was  not  yet  set  out  firmly  against  the  cast  iron  walls. 
Seven  additional  charges,  using  baiteiing-charges,  firmly  set  the  tube  in 
its  position. 

The  enlargements  by  subsequent  firings  aro  given  in  tbe  table,  and  it 
will  bo  seen,  after  513  rounds,  the  mnxiniuni  iuttrease  of  bore  was  0.0400 
inch,  and  at  22  inches  from  bottom. 

By  deducting  the  play  of  the  tube  at  that  point,  we  have  only  an 
actual  maximum  enlargement,  due  to  the  total  513  rounds,  of  0.0295 
inch. 

These  results  are  especially  satisfactoi}-,  as  an  official  report  of  Euro- 
pean experiments  with  converted  systems  (8-inch  rifle)  gave,  in  one  case 
brought  to  the  notice  of  the  board,  a  maximum  enlargement,  after  only 
160  odd  rounds,  with  loOpound  projectile  and  30  pounds  of  powder, 
of  0.0600  inch. 
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Impressions  of  the  bore'taken  with  gattft-percha  s.how  but  little  ero- 
sion from  the  gases,  and  this,  and  a  slight  general  roughness  at  the 
seat  of  the  shot,  is  the  extent  of  the  damage  done  to  the  sartVvce  of  the 
bore  in  the  entire  experiments  and  tests.* 

This  absence  is  only  to  be  explained  by  the  action  of  the  soft-metal 
base  of  the  projectile,  which,  before  the  inertia  of  the  shot  is  overcome, 
is  pressed  against  the  lands  and  fills  the  grooves,  thus  diminishing  the 
normal  windage  to  a  minimnm,  and  preventing  the  flow  of  the  gases 
over  the  body  of  the  projectile. 

Erosion  is  a  prominent  difficulty  to  be  overcome,  using  non-expansion 
systems  of  projectiles  for  muzzle  loadiug  rifles,  and  while  their  use  may 
rednce  the  pressure  to  a  slight  extent  in  comparison  with  the  systems 
tried  by  us,  yet  the  absence  of  guttering,  and  other  deteriorations  of 
the  bore,  insured  by  the  expanding  systems,  without  abnormal  or  dan- 
gerous pressures,  is  highly  satisfactory. 

The  vent  shows  a  maximum  enlargement  of  24  inches,  and  a  slightly- 
circular  guttering  exists  at  the  exterior  surface  of  the  bushing  at  the 
sorface  of  the  bore.  Some  unimportant  v^eld-marks  are  discernible  on 
the  bore. 

In  other  regards  the  gun  is  in  wholly  sound  condition,  and  is  regarded 
by  the  board  as  perfectly  serviceable  for  any  desired  additional  experi- 
ments and  tests. 

EFFECTS  ON  CARRIAGE. 

During  the  course  of  the  trials  nnmerous  small  repairs,  such  as  re- 
placement of  bolts,  &c.,  had  to  be  made  on  the  carriage,  but  no  injuries 
requiring  extensive  overhauling  occurred,  and  at  the  end  of  the  trials 
its  condition  was  one  of  general  serviceability. 

The  '•  recoil  check  "  performed  its  work  well,  and  remained  serviceable 
to  the  end  of  the  firing. 

The  elevating-apparatus  worked  satisfactorily  in  its  limited  use,  and 
may,  it  is  believed,  be  relied  upon  for  elevating  and  depressing,  and  to 
correct  the  effects  of  muzzle  preponderance. 

The  mean  recoils  of  the  upper  carriage  will  be  found  noted  in  Table 
No.  1. 

The  gun  was  served  with  the  ordinary  means  and  appliances  pro- 
vided for  our  10-iuch  smooth-bores.  It  was  mounted  on  a  wooden  plat- 
form, covered  by  a  wooden  casemate,  for  convenience  in  conducting  the 
firings. 

VELOCITIES  AND  PRESSURES. 

An  analysis  of  the  record  shows  as  follows : 

A  mean  initial  velocity  of  1,374  feet,  using  battering-charges  of  35 
pounds  powder,  and  a  shot  of  18G  pounds,  the  mean  maximum  pressure 
being  33,683  pounds  per  square  inch,  and  for  a  shot  of  171  pounds  a 
velocity  of  1,419  feet,  and  a  corresponding  mean  maximum  pressure  of 
30,126  pounds.  Seventy-eight  shots  of  about  the  weight  of  the  former, 
and  405  shots  of  about  the  weight  of  the  latter,  were  tired. 

The  mean  weight  of  all  projectiles  using  35-pound  charges  is  173.7 
pounds,  and  the  mean  velocities  and  pressures  obtained  are  respectively 
1,411  feet  and  31,300  pounds. 

The  record  of  firing,  from  which  Table  No.  1  was  compiled,  shows, 
taking  into  consideration  variations  in  the  manufacture  of  different  lots 

^EDglish  otiicial  reports  Htate  that  180  rounds  is  the  greatest  iiuiuber  tired  i'ruiu  auy 
one  gim,  (eU-pound  converted,)  without  any  injury. 
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of  powder,  a  great  .uniformity  in  pressures  for  different  weights  of  pro- 
jectiles, and  a  perfectly  satisfactory  accord  between  pressures  and  cor- 
responding initial  velocities,  giving  convincing  proof  of  uniformity  in 
both  the  action  of  the  powder  and  projectiles. 

STRENGTH  OF  THE  SYSTEM. 

The  work  performed  by  this  system  of  gun-construction  in  these  ex- 
periments and  tests,  it  will  be  seen  from  the  accompanying  records, 
about  equals  that  attained  by  the  8-inch  wroughtiron  rifle  of  the  Eng- 
lish service.  The  intention  is  to  secure  from  our  10-inch  smooth-bore 
system,  by  conversion,  a  rifle  of  at  least  the  power  attained  in  these 
experiments,  and  of  sufhcieut  strength  to  gutirantee  an  adequate  endur- 
ance for  the  number  of  rounds  which  may  be  deemed  necessary  the 
system  should  stand. 

The  principal  dimensions  of  the  10  inch  smooth-bore  gun  are,  a  total 
length  of  130.06  inches,  a  length  of  bore  of  120  inches,  a  maximum 
diameter  of  32  inches,  a  thickness  at  the  breech  of  10  inches,  and  a 
diameter  at  the  muzzle  of  10.2  inches. 

As  converted  on  the  present  plan  to  an  8-inch  rifle,  (10,100  pound^^ 
weight,)  we  have  a  thickness  at  the  breech  of  19  inches,  a  thickness  of 
walls  at  the  maximum  diameter  of  12  inches,  and  at  the  muzzle  of  4.1 
inches,  and  a  length  of  bore  of  117.25  inches.  It  closely  approximates 
in  these  dimensions  to  the  Woolwich  8-inch  gun  of  9  tons.  This  latter 
system  is  evidently  one  of  great  strength  per  se  ;  but,  in  the  opinion  of 
the  board,  in  this  regard  it  is  more  than  equal  to  the  work  required  of 
it — using  improved  powders  giving  reduced  i>re8sures. 

The  fact  that  E.  L.  G.  English  powders  give  maximum  pressures  of 
29.8  tons  per  square  inch,  whereas  pebble  or  hexagonal  powders  reach 
only  a  maximum  pressure  of  about  15  tons  per  square  inch,  (all  these 
kinds  were  used  in  8-inch  lifles,  employing  the  same  weight  of  charge 
and  projectile,)  shows  the  important  changes  which  have  been  made  ia 
powders  as  to  pressures — velocities  being  maintained — and  points  to 
the  conclusion  that  gun-constructions  lighter  in  weight,  and  not  so 
strong  in  material  as  the  English  system,  can  be  successfully  used  to 
obtain  the  same  power  and  still  have  an  adequate  endurance.  The  fact 
that  a  gun  is  strong  enough  to  withstand  li.  L.  G.  powder,  or  its  equiva- 
lent, is  not  so  important  in  our  land  service  with  heavy  ordnance,  as 
there  exists  no  adequate  reasons  to  fear  the  contingency  of  the  absence 
under  any  circumstances  for  service  with  our  guns  of  supplies  of  large 
grain  or  hexagonal  powders,  or  powders  i>ossessing  their  characteristics. 

The  special  construction  tested,  the  subject  of  this  report,  in  the  use 
of  battering- charges,  had  to  endure  maximum  strains  (repeated)  of  say 
31,300  pounds  per  square  inch  at  the  surface  of  the  bore.  This  would 
give  a  strain  of  say  11,000  pounds  per  square  Inch  in  a  homogeneous 
structure  on  that  circumference  which  is  now  the  interior  surface  of  the 
cast-iron  body. 

Even  making  a  considerable  allowance  for  the  more  compressible 
nature  of  wrought  iron  over  cast  iron,  it  is  fair  to  presume  that  the  cast- 
iron  body,  at  the  surface  of  its  bore,  had  not  to  endure,  in  the  five  hun- 
dred and  odd  rounds  fired,  at  any  fire  over  one-half  of  its  tensile  strength, 
(30,000  pounds,)  and  hence  the  inference  is  warranted  that  cast  iron  is 
entirely  adequate  to  perform  the  work  which  would  be  required  of  it  in 
resisting  tangential  strains  in  8  inch  converted  guns,  constructed  as  the 
one  tested,  using  thickness  of  tube  of  2.75  inches. 

Another  inference  to  be  drawn  from  these  experiments  and  the  above 
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views  is,  that  it  is  probable,  with  our  superior  production  of  cast  iron  in 
this  country,  using  the  principles  of  hollow  castings  and  interior  cool- 
ings, and  a  strong  and  judicious  mode  of  lining  the  gun,  either  steel  or 
wrought  iron,  that  new  constructions,  app]ic;ible  to  rifles  of  10  and  12 
inch  and  even  higher  calibers,  and  having  the  necessary  strength  and 
endurance  and  uniformity  of  endurance  required  for  all  the  wants  and 
vicissitudes  of  onr  seacoast  service,  can  be  economically  secured;  also, 
if  deemed  desirable,  that  our  15inch  guns  can  probably  be  converted 
into  durable  rifles,  having  a  large  increase  over  their  present  powers. 

In  this  connection  it  may  be  noted  that  it  is  thought  beyond  question 
that  built-up  gun-constructions  (rifles,)  using  either  steel  or  wrought- 
irou  tubes  lor  the  interior  and  cast  iron  for  the  body,  are  superior  in 
strength  (and  no  liability  to  explosive  bursting)  to  homogeneous  struc- 
tares  composed  entirely  of  cast  iron,  and  hence,  that  the  converted  sys- 
tems proposed  will  have  greater  endurance  than  similarly-modeled  8- 
inch  cast-iron  rifles.  It  is  also  believed  that  built-up  gun-constructions, 
with  proper  kinds  and  qualities  of  metals  for  the  interior  tubes  and  the 
exterior  bodies,  have  a  broader  margin  of  safety  from  the  separation 
into  parts,  in  the  cases  of  excessive  or  long  continued  strains,  than 
homogeneous  structures  made  in  one  solid  mass  and  finished  from  such 
masses.  It  is  inferred  from  the  above  considerations  and  the  satisfac- 
tory results  attained  in  our  trials,  that  a  durable  rifle  of  at  least  Sinch 
caliber,  to  use  full  battering-charges,  can  be  secured  by  conversion  on 
the  plan  tested.  While  expressing  confidence  in  this  plan  from  the 
results  attained,  yet  the  board  deems  it  important  to  call  attention  to 
the  fact  that  more  endurance  may  be  obtained  by  other  systems  of  con- 
version, equally  as  economical,  now  in  course  of  preparation  for  test 
and  exiJeriment. 

EFFECTS  AGAINST  ARMOR-PLATES. 

The  table  of  comparisons  between  the  8-inch  converted  and  the  Eng- 
lish 8-inch  9-ton  guiT,  shows  that  we  can  calculate  on  a  power  from  the 
former  equal  to  that  of  the  latter.    (See  table  No.  5.) 

The  calculations  are  not  carried  beyond  1,800  yards,  as,  at  our  more 
important  harbor-defenses,  a  greater  range  than  this  would  not  gener- 
ally be  required  for  their  casemated  guns,  which  would  probably  be 
ased  in  case  of  attack  as  powerful  auxiliaries  to  the  larger  calibers  of  10 
and  12  inch  rifles. 

The  calculated  power  against  armor-plates  (unbacked)  is  at  the  muz- 
zle, a  penetration  of  8.00  inches;  at  COO  yards,  7.87  inches;  at  1,000 
yards,  7.42  inches;  and  at  1,800  yards,  6.75  inches. 

It  is  believed  that  in  some  of  our  harbors  where  the  draught  of  water 
is  comparatively  light,  guns  of  this  power  would  have  sufficient  energy 
to  afford  by  themselves  an  efficient  armament. 

It  may  be  here  stated  that  the  nationalities  of  Europe  embrace  in 
their  calil)ers  for  heavy  ordnance  as  low  as  7  inches. 

Table  No.  6  shows  that  an  increase  in  power  from  two  to  three  fold 
over  the  original  smooth-bore  10-inch  gun,  at  ranges  varying  from  1,000 
to  3,000  yaids,  is  gained  by  the  conversion. 

BECOM3IENDATIONS  OF  THE  BOARD. 

The  present  armament  for  our  sea-coast  includes  for  our  casemate  de- 
fenses 1,204  10-inch  Rodman  smooth-bore  guns,  distributed  in  our  har- 
bors as  follows:  At  Portland,  Me.;  Boston  and  New  Bedford,  Mass.; 
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Newport,  R.  L;  New  York,  N.  Y.; /Fort  Delaware,  Del.;  Ilainpton 
Boads,  Ya. ;  Charleston  and  Savannah  Harbors ;  the  forts  of  the  Gulf; 
and  the  harbor  of  San  Francisco,  GaL 

These  guns  are  worthless  for  the  purposes  of  defense  against  armor* 
plated  vessels  of  modem  constmction ;  and  the  casemates  provided  for 
their  emplacements  (which  have  cost  millions  of  money)  are  now  useless, 
and  demand  for  their  utilization  either  a  re-armament  of  new  guns,  or 
that  the  old  ones  shall  be  converted  into  rifles  of  efiScient  power  to 
render  the  casemate-batteries  powerful  and  efficient  auxiliaries  to  our 
heavier  calibers  e»  barbette;  all  to  provide  effective  harbor-defenses. 

Proof  that  effective  and  durable  guns  can  be  provided  by  conversion 
having  been  given  by  our  recent  experiments,  and  conversion  affording 
an  undoubted  economy,  it  is  recommended  that  the  Department  ask  for 
liberal  appropriations  to  be  made  to  initiate  the  work  of  providing  con- 
verted rifles  for  already  existing  permanent  casemated  works  now  use- 
less, as  above  stated,  for  the  want  of  efficient  armaments,  yet  for  which 
appropriations  are  annually  being  made. 

The  strong  assurances  offered  by  our  experiments,  that  additional 
experimental  guns  of  the  heaviest  caliber  now  fabricated  by  civilized  na- 
tions constnicted  on  the  principle  of  combining  cast-iron  with  wrouglit- 
iron  or  steel  lining-tubes,  and  after  judicious  and  well-authenticated  and 
matured  plans,  approved  by  the  Department,  will,  when  tested,  give 
successful  results,  and  prove  that  an  effective,  durable,  and  economical 
rifle-armament  can  be  secured,  leads  the  board  to  submit  the  additional 
recommendation  that  Congress  be  asked  to  appropriate  an  adequate 
sum  for  further  experiments  and  tests,  and  especially  for  the  manufac- 
ture, trial,  and  tests  of  one  10  and  one  12  inch  experimental  rifle,  to  be 
constructed  in  accordance  with  the  general  plan  above  suggested. 

S.  CRISPIN, 
Bvt.  Col.  U.  S.  A.,  Maj.  of  Ordnance^  President  of  Board. 

T.  J.  TREADWELL, 

Major  of  Ordnance, 

T.  G.  BAYLOR, 

Major  of  Ordnance, 

GEO.  W.  McKEK, 
Captain  of  Ordnance,  Recorder  of  Board. 

Respectfully  submitted  to  the  Secretary  of  War. 

S.  Y.  BENI5T, 
Brig,  General,  Chief  of  Ordnance. 
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Table  No  3. — Relative  diameters  of  bore  of  cast-iron  body  of  \0-inch  gun  and  wrought-iroi 
tube  for  insertion  therein  al  diffet  ent  points  of  their  cylindrical  length. 
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IX  4860 
IX  4860 
IX  4860 
1X4880 
IX  4860 

48 

46 

1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
IX  4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
1X4955 
IX  49.55 
1X4955 
1X4955 
1X4955 
IX  4955 
1X4955 

1X4860 

1X4860 

90 

1X49G0 

1X4860 

89 

44 

1X4860 

1X4860 

88 

42 

1X4860 

1X4860 

87 

40 

1X4660 

1X4860 

86 

38 

1X4860 

1X4860 

85.::::::::: 

36 

1X4860 

1X4860 

84 

34 

1X4860 

13.4860 

83 

32 

1X4860 

1X4860 

82 

30 

1X4860 

1X4860 

81 

28 

1X48C0 

13.  4860 

80 

26 

13.4860 

13.4860 

78 

24 

1X4860 

1X4860 

76 

22 

1X4860 

13.4860 

74 

20 

1X4860 

1X4860 

72 

18 

1X4860 

1X4860 

70 

16 

1X4860 

13.4860 

68 

14 

1X4860 

IX  48()0 

66 

12 

13.4860 

IX  4860 

64 

10 

13.  4860 

13.  4860 

62 

8 

1X4860 

IX  4860 

60 

6 

1X4860 

13.  4860 

58 

4 

1X4860 

13.4860 

56 

2 

1X4860 

1X4860 

54 

1 

1X4860 

1X4860 

52 

• 

1X4860 

1  50 

1 

JOHN  G.  BUTLER, 

Captain  qf  Ordnamee. 

Bo«rd  on  experimental  f^uus,  &c.,  convened  nmlor  orders  of  thu  War  Department  dated  Kovembcr 
10,  1874. 

GEO.  W.  McKEE, 
Captain  </  Ordnance^  Mecotder^ 
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Table  No.  4 

,— Table  of  en 

tor^em<;iito  o/  8-inck  converted 

rifle  No 

.  1. 

B 

o 

Pi 

"3 

a 

5 

O 

2 

o 

S 

"3 

"Sb 

U 

o 

7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.985 
7.9a'> 
7.985 

9.  St 

■ 

OS 

Enlargements  from  colamn  A,  (after  Bet- 
ting up  of  tube.) 

Inches  ft-oin  bot- 
tom of  bore. 

S 

«     . 

^  «e 

< 

o 
n 

©  - 

u 
< 

H 

o 

o 

H 

< 

?5 
a  a 

i  ^    • 

SI'S 

11 

0.0105 
0.0105 
0.0105 
0. 0105 
0. 0105 
0.0105 
0.0105 
0.0105 
0.0100 
0.0100 
0.0100 
0.0100 
0.0095 
0.0095 
a  0095 
0.0095 
0.0095 
0.0095 
0.0095 
a  0095 
0.0095 

o 
o 

» 

GO 

o 
a 

.8 

a 

•«^ 

£■ 
•i  • 

d 

§ 

r 
•  1 

J  !l    I 

0.022 
0.020 
0.019 
0.019 
0.023 
0.020 
0.017 

o.oo:) 
aoo9 

0.007 
0.003 
0.002 
0.002 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 

0.005 
0.005 
0.004 
O.OOti 
0  006 

o.(m 

0.008 
0.009 
0.006 
0.004 
0.003 
0.0O2 
0.002 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.005 
0.005 
0.004 
0.006 
0.006 
0.006 
0.009 

a  010 

0.007 
0.0(H 
0.003 
0.002 
0.002 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.005 
0.005 
0.004 
0.006 
0.007 
0.009 
0.010 
0.011 
0.008 
0.005 
0.005 
0.003 
0.002 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 

aooo 

0.000 

0.005 
0.005 
0.004 
0.0()7 
0.011 
0.  012 
0.013 
0.013 
0.010 
0.007 
0.006 
0.004 
0.003 
0.002 
0.001 
O.OOl 
0.000 
0.000 
0.000 
0.000 
0.000 

0.005 
0.005 
0.005 
0.008 
0.018 
0.016 
0.015 
0.015 
0.011 
0.008 
0.007 
0.005 
0.004 
0.003 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 

o.oei 

13 

16 

0.027 
0.025 

19 

0.024 

23 

0.047 

25 

0.030 

2& 

0  036 

31 

0  022 

34 

0  028 

r 

0.010 
0  015 

« 

« 

50 

0.000 
0  007 

55 

0  006 

W 

65 

0.004 
0  003 

TO 

0.003 

» 

0  002 

90 

0  001 

100 

0  001 

118 

0  001 

llotrd  on  experimental  guns,  &.C.,  convened  nuder  orders  of  the  War  Department  dated  October  10, 

i874. 

GEORGE  W.  McKEE, 
Captain  of  Ordnance,  Recorder. 


T.ABLE  Ko.  5. — Table  comparing  the  relative  energies  of  the  S-inch  United  States  rifled  muzzle- 
loader^  converted^  and  the  \i-inch  English  rifled  muzzle-loader  of  9  tons,  to  distanves  up  to 
1,800  yards. 


Range. 


*8-inch  rifled  muzzle-loader  of 
9  cons ;  charire,  35  pounds ; 
prc(Jeotile,  180  pounds. 


V. 


Yards. 
0 

20O 

400 

60O....;.. 

80O 

1,000 

1.800 

1,400 

1.600 

1,800 


Feet. 
1,413 
1,369 
1,387 
1,286 
1,248 
1,213 
1,180 
1.150 
1,122 
1,097 


§ 


o 
H 


Foot^tons. 
3,492 
3,339 
3,198 
3,064 
1,944 
1,837 
1,738 
1.651 
1,571 
1,508 


b  •  2 

S.%2 

Sf   a 

««^  a 
a  o  o 


Foot-tone. 
100.2 
04.0 
8a3 
83.0 
78.1 
73.8 
69.9 
66.3 
63.2 
60.4 


8-inch  United  States  rifled 
muzzle-loader,  converted. 
16,200  pounds;  charge,  35 
jraunds ;  projectile,  186.5 
pounds. 


V. 


a 

3 

o 
H 


a  u  v 

§;    »    n 

BOO 


Feet 
1,37* 
1,333 
1,295 
1,259 
1.224 
1.192 
1,161 
1,132 
1,104 
1,077 


Foot-tone. 
3,441 
8,297 
2.123 
1,980 
1,957 
1,837 
1,742 
1,657 
1,  576 
1,499 


Foot-tons. 
97.7 
91.9 
85.0 
79.2 
78.3 
73.5 
69.7 
66.3 
63.1 
60.0 


Remarks. 


78  shots  wore  ftred  with 
the  186.5-ponud  pro- 
Je<:tile. 


*  Compiled  from  English  tables. 
BfwrdoD  experimental  guns,  &c.,  convened  under  orders  of  the  War  Department  dated  October  10 

ie74. 

GEO.  W.  McKEE, 
OapttUn  of  Ordnance,  Recorder, 
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Table  No.  6. — Eelative  effectiveness  of  a  10-inch  emooth-boref  and  ike  same  gun  converted 

into  an  H-inch  rifle. 


Gan. 


Kind. 


Smooth-bore. 
Rifle 


•§ 

« 

4i 

M 
N 

S       ! 

o 

P 

3 

•2 

.    s 

B 

"S 

•at 

^  _« 

.4a 

«^ 

Caliber. 

locit 

?     ! 

0 

>. 

J** 

a 

{> 

> 

b) 

Pounds 

Feet 

FooC-tonf. 

10" 

127 

1600 

2255 

8" 

187 

1375 

1 

2444  , 

1 

.5S 


a  flB, 


ce 
p. 


Foot-tona  p«*r  inch  of  shot 
cxrcuiuferenca. 


7.30 
a  45 


B 

73 
98 

• 

0  c 

0  * 

36 
74 

20 
60 

14 
40 


e 

§ 

« 


1 
3 


a 


s 


1 

2 


Board  oa  experimental  gaos,  &.C.,  oonvenod  uader  orders  of  the  War  Department  dated  October  10. 
1874. 

GEO.  W.  McKEE, 
Captain  cif  Ordnance,  Hecifrdtr. 


Table  No.  7. — Record  of  target-firing  iciih  Q-inch  converted  rifle  So.  I,  at  Sandg  HooJc^  N.J.j 

December  2*2,  1674. 

[Diatanoe  of  the  target  fh>m  the  mnzzle.  one  mile.] 


Namber 
of  Are. 


Deviation  from  center     Deviation  from  center 
of  target.  of  impact. 


Yards. 


Yards. 


•a 

1 

0 

i 

• 

• 

i 

< 

2.50 
L16 

a  28 

• 

1 

5 

o'w 

2.42 
0.47 

• 

> 
i 

0 

0     / 

3  0 
2  .55 
2  55 
2  55 
2  .55 
2  55 

0.00' 

0.25 
...... 

0.25 
0.33 
0.00 

o.'ra' 
a  05 



'6.'i2' 
0*94' 

a3o 

0.30 
0.63 
0.88 

Las 
0.55 

ioi" 

2.70* 

i.'so 
■£.'53 

2  55 

aoo 

3.16* 

6."35' 

0.43 

0.63 

2  55 
2  55 

0.11 
6.60' 

6.*22' 
0.00 

0.83 

i.33' 

0.20 

a  73 

2  55 
2  55* 

...... 

0.75 

2  55 
2  55 
2  55 

1 

0.33 
0.83 
1.83 

a  08 

i.66' 

0.86' 

0.30 

*      •  •  • 

'6.'i4* 

L20 

2.50 

i.'os' 

"i.'44 

*Firei  into  sand-butt. 


REMARKS. 

Kind  of  oannon,  number,  and  when  made — 8-iuch  converted  rifle  from   10-iiich  Rod- 
man No.  2,240. 

Diameter  of  bore,  8-inch. 

Weight  of  piece  in  pounds,  16,160. 

Character  of  rifling,  uniform,  15  grooves,  one  tnrn  in  40  feet. 

Kind  of  carriage,  wrought  iron,  front  pintle. 

Height  of  axis  of  bore  above  plane  on  which  prnjt^ctiie  strike.s,  7  feet. 

Sound  of  projectile  in  flight,  clear  and  smooth. 

Weather — 

Thermometer, . 

Barometer,  low. 
Atmospbere,  damp. 

Kind  of  pressure-plug,  Rodman*s  internal. 

Kind  of  Ballistic  machine,  Le  BouIeng<^  chronograph. 

Strength  and  direction  of  wind,  fresh,  front,  and  left. 


5) 


BUTLER  -  187  LBS.  ARHICK  —  165  LBS. 


ScBla. 

^~T  I   i   1-1- t-t   1   fh  I'iz-^,. 

DBOimOR  or  BDTLER  FOOJICnLB. 

01  vUntr  lk*4HndiMUl«  ■ownunM  u  tlu  cnAMiU.     WkUa,  Imrxr,  Iki  ippa- lit  li  upudal  Ills 
«■  hiiw.  ikt  law  lis  1.  (mid  tftm.lht  kodT  or  ih.  pnriHMl*  with  h  iiUHin  <n»«>>u>  ig  U»  fam  •( 

Tug  ■Ok  lllu  i^  MVlTit  •  •*■  xa^  >Uah  mij  M  iu4>  o(  Iki  iU  iHUnkl.  Um  naMila  sn  k>  laid  >tT«l 
B>B  iu>  lh<  pn(f-i;«r(2K  »•■  ••  kr  IljiiidV  Hd  miiii  ••  u  r_dv  il  lAl  for  hnUr  V 

n*  doakMind  itif  ■■  Iht  i™i  it—  ■  ■!■[  and  jf  mij-Iw  pumJium  Md  wiaQ'InpwD 
•■  >K    IB ^Md fcuana ud  dlii  ■iiii  •<•  ilwn i>  Uh plui. 

nncsiPTioN  or  JkRUOK  tKuurtiL*. 

■bak.'  M  k>  ■rtUidVr'^  ^  «f  iIh  AnkuJTHWt  (A>  >!l«r"iJU  pr^v<il>'u''>>t4li^r^h«^ik>  wwk|l 
>aUd»l  —d  *t  Mh  .<  th.  ncifMil.  ta  JId< u  «.  »fa  with  lb*  UB d(  Ui.  ,.»«  fr«  obuk it  ■  Ind.    TG. 

t— aifc«™Kil..  a  W  i*Hn  aadH  ikt  invan  s(  diKha'rn.  Ih>  ^m<w.  •£ntrnibv  nvl  (I  ttT-IH  liM 
jgiM>w  *lfcMlht  p^MlU«hdnTM«»ndl*iyUt<UA.Tl  bar.  mpuud  lo  ii.  b;  .nil  diik.  tk>  BotiH  •( 

•^  IB  flB  ]u>  iHind  tbT  "riBiK  W  IB  laJdb  ud'|^ZmL'*Tk>*M>]  *at*!ii||X*uiDl>r  kr''  )>f  u 
L^anifar  ruibit  mad  (b«  wiadf  iBRDudiHi  ii 

— i^ar  tWkMVirilii  Ito^^rb^  W  Iki  IhAThIt. 

-tto  Miifaa  of  Oh  kv  >■  •■  iha  pn)««lk.  iiHad  ^  ilulot  Um  JM  »»><■  ipo  IB  b».,  oiJ 

- rh-.d*.«*4i...#ti5*— J." 


BUTLIR  —  187  LBS.  ARRICK  —  165  LBS. 


I    i    i    1    k'TT! 


sncaimon  or  bdtler  pumbotile. 

^Aa  B*Uw  frqirtih  iHnMif  •  iM-iru  bo^.  4.  biTlua  diiabltlip(«d  rilftf  bnM.  B,  >tliA<d  k7  ■■!»«■ 
Usvi^it  ibiMJ  fcr  lk>  imflrtsi^'  ''  «»  or  m«        p»n 

~n>nJKllk  Uh  |HM4<I  viUHU  naisl  U  a<  HliDLiHl  IIh  (in  dKkvfid.  Ui>  »w4r  B>H>  ut  o>iikl)r 
•^ (i^  MMbM^n^ud  Ika uiolu ik^id.  a^  IkT^^  lip  li  nlbrsLT  J^*td  lib  ifip^nTV  of  (In 
p>  'bmbT  lh>  dllind  XUUh  ■  onaiiHntvl  la  Ika  iTBiitila.  VlUla.  Iwmv.  Ibi  ■i«r  lip  h  Oliudad  lau 
aiari(a«.Aalawar  U|ii>>rwd(paa.D..badr.riWpR4lMll>.»tli  u  l*twi»]M«1iaau*tall>afanaal 
teka^  Ikai  HI  aalf  saiil|  Iki  cia|  la  ta(  Ika  pnMtIa  b^Uj.  \M  aa  >  '|aHkaik'^in>«itia«  IbaaalnB- 
bL  E^fS^T"  ^^^**  **^  '°°  ^f  °''**''''^'^  SIricpiH  li  UiM  llKBullr  p>MaU<l-  TUriuan 
Tiac  afHr  iriac  iwl  aHMtt  *  la*  ».  oMili  IHT  M  naada  gf  tlia  *M  ■Hafal.  Ika  bwitaa  an  ba  1x3  •#*■>) 
liHiau  Ikt  r^aar-batThSa  kufaa  &F  iqaiaiV  ia^  a(»«ria|  ai  u  iwdar  Hub  faT^tkai  _." 

Tka  Jaakh  Btfi  rtai  il  Ihailiim  taaaataii  WMaaaad  ttwTi»l]i-(T«  parmJaaBwr  a»J  (aram-ln  paiU 
a<  ut.     !■  iiHtd  haUna  aad  flaMtiM  an  ilmE  ii  Iba  pUla. 


ikaA.' la^a  aeualrTv^lka  SU  a<  Ika^iaAarp  HSn  111  nwH  ly' Ua  ^r^anili^i 'aiaw^ 

IHiaJMMl  laafcaaJ  bj  MtiaiB||  iliit  »  — >a  >i>4  Hani  diik.  a  lyUnhr  k.jr  «  ijlptal  aul  Ufliad  to  &• 

kasA  *a  aidiilila.  la  la  nana  aaAr  U>a  pnwin  af  diai^arn,  Iht  primmn  ifcaaaoihl.  aa4  at  ill  aaaa  Baa 

laaiyWa  Iha,  M  Ika  paijwlla  h  JriTW  wlaf  lk»  y^  tt *aTl  Uia  hiparlai  IS  it.  bj  iwti  dak.  Ika  wHiaa  a( 

'  U*daa  Ika  )ICKU*  *r tka  4i£ia(  UH 'ilk  •>■  iMtaHJ  aiialM  tka  h«sf  tka  ikol,  aa  IhU  ■kalvirt  iu  aae- 
«•  wl  MW  HlfcaH  an  hw  plaaaialkw.  atngh.  aadaa  »  tfea  uiiafAa  px^Mtlk  lad  tin  haiaif  Oh  |i=. 
•aJ)BitakaaTaiali^lWi«taKaia(iBlu4>*bwni.  t*a  ■!«]  aaMinSai  tfc.  aaaaUi  ^  j'  baa,  al 
kaMH«HbMr>Mdar4>iTvkmnlt(t>  tkaaiaiai'  aad  baa  kw  auaad  U>  a_aM  Ika  ^~  ^  ud  u 
Map7  aid  ill.  al  a  daaa  Hal  ll  wilk  Ika  toiAiaib.  lE^aaUr  nUat  aad  Ih.  viada—  anoiaAaf  it,  Ika  kaj 
a'taiBiav  tot_(lMHv.aHlik4tak*MH>~>aialMralaUlkaa><4aaiW,  aadTii  <H<IiIi<~IiaB  balaia 
IUi_liaa(lka|«lKlUa'k>anna_a.aa^al'>  iitaaurtadfra.  in  f^Ud  «il.  fhH«ad  riaWw.  la  ka 

-  TW  ktetaa  «f  *•  k«  a*  «  Ik*  K^aMla.  a^!^  ^  IkaiaT  tk.dkk  pfwxi  apol  ila  ku.,  Hill  aianat  a>j 
oU  IMlaa  a(  Ika  4kk.  aal  aJr  puiauiiac  Iba  WIMfBa  at  Ika  fr^Mli,  bat  alao  vitb  abaolalt  tanaaalj  Ik* 
■■••««  ikUtpUataf  Ika  Ml  l]in<«klM1nIai«T." 

Tka  (Hani  bam  arf  dlB^dan  aia  aka>a  IB  tka  plBU.  B«Hi  ae  EipariBaaUl  Oaaa,  aU,  HBTaud  ■(* 
•dan  <(  Ika  W>r  Dapanaat,  4>bail  OitaUr,  10,  UN 
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Desmption  of  tlie  manufacture  of  coiled  wroughtiron  Uibes,  for  tlie  con- 
vermn  of  cast-iron  smoothbore  guns  into  rifles,  ( Compiled  from  English 
sources.) 

The  coils  for  the  tubes  are  made  entirely  of  wrought-iron  bars,  speci- 
ally prepared  by  l>eiug  put  three  times  through  roughing-roUs  5  pud- 
dled irou  is  hard  aud  brittle  and  net  by  itself  suitable  for  guns. 

A  sufficient  number  of  bars  are  piled  or  faggoted  together  to  form  a 
bar  of  the  size  ijt  is  intended  to  roll.  The  pile,  composed  partly  of  pud- 
dled iron  and  partly  of  scrap,  the  former  being  placed  always  on  the  out- 
side, on  account  of  the  more  even  surfaces,  is  raised  to  a  white  heat  and 
rolled  into  a  long  bar  about  24  feet  long,  and  varying  in  section  from  2^ 
to  7  inches,  according  to  the  purpose  for  which  it  is  intended.  It  is 
then  cut  into  lengths,  again  faggoted,  raised  to  a  welding  heat,  and 
parsed  between  the  rollers  ;  one  rolling  may  be  sufficient.  The  section 
of  the  bar  is  slightly  trapezoidal,  in  order  that  when  the  hot  bar  is 
wound  round  the  mandrel,  narrow  side  inward,  the  spreading  of  the 
inside  and  the  narrowing  of  the  outside  may  be  neutralized,  and  no 
space  left  between  the  folds  of  the  coils.  To  weld  the  bars  together,  the 
euds  must  be  scarfed  down  and  placed  from  opposite  sides  in  a  furnace, 
from  which,  when  they  arrive  at  a  white  heat,  they  are  withdrawn  and 
welded  nnder  an  adjacent  steam-hammer,  sand  having  been  thrown  on 
the  hot  bars  (as  is  indeed  customary  in  the  case  of  all  forgings)  in 
order  to  clean  the  surface  aud  prevent  scale  forming,  by  converting  the 
superficial  oxide  into  a  liquid  silicate  which  will  flow  off  of  its  own  accord 
or  be  squeezed  out  by  the  hammer.  Another  bar  is  welded  on  in  a  simi- 
lar manner,  and  so  on  until  a  sufficient  length  is  obtained  for  the  re- 
quired coil. 

The  bar  to  be  coiled  having  the  ends  flattened  down,  is  placed  on 
trestle  rollers  in  front  of  a  long  reverberatory  furnace  with  a  chimney  at 
the  far  end  and  grates  along  its  sides.  A  chain  being  hooked  into  an 
eye  or  hole  in  the  end,  the  bar  is  drawn  by  machinery  into  the  furnace, 
^'hen  the  bar  arrives  at  a  bright-red  heat,  the  end  near  the  door  is 
drawn  out  by  means  of  the  same  eye,  and  is  attached  to  a  pin,  this  end 
beiug  cooled  with  water  to  prevent  it  tearing  away  with  the  weight  of  the 
bar;  this  pin  is  connected  with  a  slightly  tapering  iron  roller  or  mandrel 
fixed  across  aud  in  front  of  the  door  of  the  furnace  ;  the  mandrel  tapers 
in  order  to  facilitate  the  removal  of  the  finished  coil.  The  apparatus  is 
then  put  into  gear,  and  the  mandrel  revolves,  winding  the  bar  around  it. 
Daring  the  process,  scales  form  between  the  folds,  but  their  eftect  is 
almost  nullified  by  subsequent  heating  and  forging,  sand  being  used  to 
assist  in  liquifying  the  oxide  as  stated  above.  When  the  coil  is  formed, 
the  fixed  extremity  is  hammered  ofl:*  the  pin  and  water  is  poured  on 
that  end  to  cool  it,  in  order  that  the  folds  there  may  not  be  opened  out 
iu  taking  ofl:'  the  coil.  If  the  coil  be  large,  a  short  iron  bar  is  placed 
^ith  one  end  resting  on  the  ground  and  the  other  end  against  the  ex- 
tremity which  has  been  removed  from  the  pin.  The  mandrel  is  then 
turned  in  the  same  direction  as  that  in  which  it  revolved  when  the  coil 
J^as  being  formed,  and  the  coil  being  prevented  from  revolving  by  the 
^11  prop,  is  loosened  and  slips  down  toward  the  narrow  end  of  the 

inandrel.    The  mandrel  is  then  lifted  up  by  a  crane  and  the  coil  drops 

off. 

For  the  welding,  which,  especially  in  tubes  for  lining  guns,  must  be 
done  with  greatcare,  the  coil  is  placed  upright  in  a  reverberatory  furnace, 
for  were  it  placed  on  its  side  it  should  be  turned  over  in  order  to  be 
^ttallj  heated  all  through,  and  moreover  drippings  from  the  fire-brick 
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wbich  line  the  farnaee  woald  probably  drop  from  the  roof  in  between  the 
folds.  The  tube  beinp^  intended  for  an  inn^r  one,  two  furnaces  have  to 
be  used ;  one  is  at  a  low  temperature,  (termed  a  blue  light,)  and  when 
the  coil  arrives  at  a  red  heat  it  is  brought  out  and  transferred  to  the 
other,  where  it  is  brought  to  a  welding  heat.  This  is  found  to  be  more 
economical  than  by  placing  the  cold  coil  at  once  into  a  very  hot  furnace, 
and  also  prevents  any  injury  to  the  iron  which  would  result  from  so 
doing. 

In  all  cases  of  welding  it  is  necessary  not  only  to  strike  while  the 
iron  is  hot,  but  that  the  surfaces  to  be  joined  should  be  perfectly  clean; 
the  white  hot  coil  is  therefore  transferred  from  the  furna<;e  to  the  steam- 
hammer  as  quickly  as  possible,  not  neglecting  to  throw  sand  upon  it« 
The  coil  is  first  placed  vertically  under  the  hammer,  and  receives  a  few 
smart  blows  to  weld  the  folds ;  it  is  then  thrown  on  its  side,  and  being 
gradually  turned,  is  hammered  (or  patted)  all  round  to  straighten  it.  It 
is  then  raised  vertically  again  and  a  punch  or  mandrel  rather  over  half  the 
length  and  a  little  larger  than  the  interior  diameter  of  the  coil,  is  ham- 
mered down  its  own  length  ;  the  coil  is  next  placed  on  its  side  and  ham- 
mered round,  that  half  of  its  length  thus  being  made  very  compact  and 
large  enough  to  let  the  mandrel  fallout;  after  this  the  coil  is  again 
raised  vertically,  and  the  mandrel  is  forced  in  the  opposite  end,  and  the 
process  repeated. 

The  mandrels  are  of  coiled  iron  and  are  very  hard.  The  reason  a  long 
mandrel  is  not  forced  through  the  whole  length  of  the  coil  is  that  it 
would  tend  to  separate  the  folds. 

The  coil  is  replaced  in  the  furnace  for  a  second  heating,  and  much  the 
same  process  is  followed  to  render  the  ring  more  consolidated  as  well 
as  more  shapely ;  a  fine  mandrel  is  also  used  to  make  the  interior  more 
perfect ;  and  in  order  to  prevent  the  tube  from  being  bell-mouthed,  a 
flexible  steel  bar  is  used  under  the  hammer  to  flatten  the  ends. 

Before  the  coil  is  removed  from  the  hammer,  water  is  thrown  over  it, 
which  forming  into  steam,  blows  off  the  blnck  scales  and  shreds  where 
the  work  is  good,  but  a  black  spot  is  left  by  the  water  if  there  is  a  bad 
part.  ♦ 

In  order  to  form  lining-tubes,  several  of  these  coils  have  to  be  united. 
To  weld  them  together,  the  coils  have  to  be  faced  (turned  smooth  at  the 
ends)  and  reciprocally  recessed;  that  is,  a  projection  (spigot)  is  formed 
at  one  end  of  a  coil,  while  a  recess  (faucet)  is  bored  in  the  correspond- 
ing end  of  another  coil.  The  height  of  the  shoulder  is  a. little  greater 
than  the  depth  of  the  recess,  in  order  that  a  close  joint  may  be  obtnined 
on  the  interior.  The  recess  is  then  expanded  by  heat  and^'shrunk  over 
the  projection,  so  that  the  two  coils  are  attached  stcurely  enough  to- 
gether to  admit  of  their  being  put  into  the  furnace  for  welding. 

For  the  inner  barrel,  which  is  intended  to  be  the  entire  length  of  the 
bore,  the  tube  is  put  crossways  through  a  furnace  so  constructed  that 
intense  heat  acts  on  the  joint  while  the  remote  ends  project  outside. 

When  the  joint  arrives  at  a  welding  heat,  a  stout  iron  bar  is  passed 
right  through  the  tube;  this  bar  is  keyed  at  one  end,  and  by  means  of  a 
screw-nut,  worked  by  a  long  lever  at  the  other  end,  the  two  coils  are 
pressed  and  thus  welded  together.  This  pressure  slightly  bulges  the 
metal  at  the  junction,  so  it  must  be  straightened  under  a  steam  ham- 
mer. Another  coil  is  then  added  on  in  a  simitar  manner,  and  so  on 
until  the  tube  is  of  the  required  length. 

The  tube,  if  intended  for  an  8-inch,  alter  having  its  necessary  length, 
is  then  rough  and  tine  bored  to  about  7.92  inches  diameter,  and  the  recess 
in  the  breech  cut  and  tapped  for  the  wrought-iron  cup.    The  cup  for 
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closing  the  breech-end  of  the  barrel  is  forced  and  stamped  into  shape 
nnder  the  steam-hammer.  It  is  turned  inside  and  outside,  and  furnished 
oil  the  outside  with  a  thread  of  four  or  five  to  the  inch.  It  is  thu.9 
screwed  tightly  home. 

The  tube  in  this  state  is  proved  with  water-pressure  of  120  pounds  to 
the  square  inch,  to  ascertain  that  the  cup  fits  tightly  and  that  there 
is  no  leakage.  The  breech-end  of  the  A  tube  is  then  turned  over  a 
length  of  40  inches  for  the  B  tube  previously  bored,  aii<l  a  spiral  gas- 
channel,  0.05  inch  deep  and  0.1  inch  wide,  is  cut  round  its  exterior,  com- 
mnnicating  with  the  star  grooves  cut  in  the  end  of  the  barrel  and  the 
gas-e^K^ape  through  the  cast-iron  breech. 

The  B  tube  consists  of  two  coils  united,  and  being  rough-turned  to  a 
diameter  of  about  13.75  inches,  and  finished  bored  to  10.75  inches,  it  is 
shrunk  on  with  0.003  inch  shrinki^ge  in  the  diameter. 

The  B  tube  in  order  to  be  shrunk  on  the  A  tube  has  to  be  bored  to 
that  degree  of  smoothness  which  is  necessary  for  close  contact  and 
mntnal  support,  and  is  gauged  to  ^^q  of  an  inch  every  few  inches  of 
its  length  as  well  as  at  every  shoulder  it  may  have.  To  these  measure- 
ments the  shrinkage  is  added,  and  a  plan  made  out  according  to  which 
the  exterior  of  the  inner  coil  or  A  tube  must  be  fine  turned  in  order  that 
it  may  exceed  in  diameter  the  bore  of  the  outside  coil  by  the  required 
amount  of  shrinkage  at  the  respective  points.  This  plan,  together  with 
a  series  of  corresponding  *^  horseshoe"  gauges,  (very  accurately  adjusted,) 
is  then  furnished  to  the  turner,  who  turns  down  the  inside  coil  to  the 
proper  size.  The  operation  of  shrinkage  is  very  simple.  The  outer  coil 
is  expanded  by  heat  until  it  is  sufiSciently  large ;  (if  a  large  mass  by  means 
of  a  wood-fire,  for  which  the  tube  itself  forms  the  fine;  if  a  small  mass, 
in  a  reverberatory  furnace  at  a  low  temperature.)  It  is  then  raised  up 
by  a  traveling  crane  overhead,  and  dropped  over  the  part  on  to  which  it 
is  to  be  shrunk,  which  is  placed  vertically  in  a  pit  ready  to  receive  it, 
and  where  the  tube  and  jacket  cool  off. 

The  heat  reqnir.  d  in  shrinking*:  is  not  very  great.  Wrought-iron,  on 
being  heated  from  62°  F.  (the  ordinary  temperature,  say)  to  212^,  expands 
linearly  ab&ut  j^^  part  of  its  length,  (the  same  amount  of  extension 
in  fact  as  that  aue  to  its  elastic  limit  or  pressure  of  12  tons  to  the  square 
inch  of  section.)  Therefore  it  is  not  necessary  to  have  more  than  500^  F., 
which  will  allow  a  good  working  margin. 

With  respect  to  the  mode  of  cooling  during  the  process  of  shrinking 
care  must  be  taken  to  prevent  a  long  coil  or  tube  cooling  simultaneously 
at  both  ends,  for  this  would  cause  the  middle  portion  to  be  drawn  out 
to  an  undue  state  of  longitudinal  tension.    Therefore,  in  some  cases, 
water  is  projected  on  one  end  of  a  coil  so  as  to  cool  it  first. 

In  order  to  prevent  the  expansion  of  the  inner  tube,  thus  obstructing 
or  retarding  the  operation  of  cooling,  water  is  circulated  through  the 
interior  by  means  of  the  usual  supply-pipe  and  siphon. 

In  the  manufacture  of  these  tubes  samples  of  each  week's  work  are 
tested  for  tensile  strength  and  eLasticity,  and  usually  with  most  favor- 
able results;  the  stretching- weight  being  about  12  tons,,  and  the  break- 
ing-weight 23  tons  per  square  inch. 


Directions /or  inserting  coiled  wrought-iron  barrels  ifito  smooth-bore  gtins» 


I 


The  cast-iron  gun  should  be  bored  out  to  the  required  size  and  the 
bore  afterward   carefully  adjusted  by  lapping  with  leaden  block  and 
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sand  and  wates.  The  taper,  if  any,  from  the  breech  toward  the  muzzle, 
should  be  uniform,  and  in  no  place  should,  the  eccentricity  exceed  .002 
inch.  The  muzzle-end  should  be  screwed  with  an  allowance  of  .015  be- 
tween the  diameters  of  the  ring  and  gun  ;  the  screwed  part  should  be 
longer  than  required  for  the  ring,  so  as  to  insure  the  rear  end  of  barrel 
being  in  contact  with  the  cast  iron  at  the  end  of  the  bore.  A  "gas- 
indicator  hole"  is  drilled  through  the  breech  end,  so  that  it  will  come 
nearly  opposite  the  junction-line  of  the  plug  in  the  barrel.  All  sharp 
edges  in  the  interior  of  the  gun  should  be  taken  off^  and  the  bore  care- 
fully cleaned  and  oiled. 

The  barrel  is  turned  to  the  measurements  taken  from  the  gun  when 
finally  prepared  to  receive  the  barrel.  These  measurements  should  be 
taken  at  least  every  G  inches  from  the  muzzle  to  within  12  inches  from 
the  breech,  when  they  should  be  taken  at  every  inch.  From  the 
muzzle  to  a  point  24  incht!s  from  the  breech,  the  difference  between 
the  bore  and  the  size  of  the  barrel  should  not  exceed  .015  of  an  inch, 
and  from  thence  to  the  bottom  of  the  bore  .007  of  an  inch. 

The  barrel  can  be  turned  by  means  of  an  expanding  mandrel  placed 
in  the  muzzle,  the  center  being  left  in  the  plug  at  the  bottom  of  the  bar- 
rel. The  reduced  part  for  the  muzzle-ring  should  be  .01  of  an  inch  less 
in  diameter  than  the  bore  of  the  ring;  the  breech  of  the  ring  should  be 
sqnnre  to  the  face  against  which  it  is  screwed. 

The  radius  at  the  breach-end  of  barrel  should  not  be  in  contact  with 
the  casing,  but  should  have  .05  of  an  inch  clearance ;  thus  if  the  gun  has 
been  bored  out  with  a  1.7  radius  tool,  the  baiTel  should  be  turned  to 
1.75  inch  radius. 

When  fitting  the  .barrel  into  the  gun,  all  bearing-surfaces  should  be 
well  oiled.  It  is  most  convenient  to  place  the  gun  on  trestles  about  3  feet 
6  inches  high.  The  barrel  is  lifted  by  a  crane  and  entered  as  far  as  the 
slings  will  permit.  The  slings  are  then  placed  round  the  end  of  the  ex- 
panding mandrel,  and  at  tlie  outer  end' of  the  mandrel  are  bolted  two 
strong  cross-bars  by  which  the  barrel  is  worked  round  while  it  is  being 
drawn  in  by  the  crane.    The  indicator  hole  allows  the  air  to  escape. 

The  plug  center  should  not  be  taktn  off  until  it  comes  in  contact  with 
the  bottom  of  the  bore,  when  it  may  be  turned  off  and  the  breech-end 
well  marked  with  thin  red-lead  paint.  The  barrel  should  then  be  again 
tried  in  and  well  worked  against  the  casing,  great  care  being  taken  that 
the  end  of  the  barrel  abuts  truly  against  the  bottom  of  the  bore. 

A  small  screw  is  inserted  at  about  the  middle  of  the  length  of  the  bar- 
rel, as  shown  on  the  drawing,  to  prevent  the  possibility  of  the  barrel 
turning  round  in  the  gun  during  firing. 

When  the  tube  is  properly  adjusted,  the  collar  is  securely  screwed 
into  the  muzzle.  The  muzzle  of  the  gun  is  then  faced,  and  the  bore 
lapped  and  rifled. 

The  old  vent  is  closed  with  a  wrought-iron  screw-plug,  a  new  vent 
(copper  bushed)  being  placed  nearer  the  muzzle. 


Office  of  Board  on  Experimental  Guns, 

iTeir  York  City^  October  2,  1875. 

Sir  :  I  have  the  honor  herein  to  inclose  summaries  of  the  results  of 
the  firings  of  the  experimental  8inch  and  9-iuch  rifles  (wrought-iron 
lined)  up  to  date,  but  subsequent  however  to  the  report  of  the  lK>ard  on 
the  8-inch  rifle,  given  in  Ordnance  Notes  Ko.  33. 

It  will  be  seen  that  gun  No.  1  (8-inch  rifle)  has  been  fired,  in  all,  700 
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rounds,  187  rounds  having  been  completed  since  the  report  of  January 
9,  1875.  Star-gauging  after  the  700  rounds  shows  a  maximum  enlarge- 
ment of  .032  inches  and  at  a  distance  of  28  inches  from  the  bottom  of 
the  bore.  An  enlargement  therefore  of  .010  inch  only  has  resulted 
from  the  firing  of  the  187  additional  rounds.  Gutta-percha  impreSvsions 
show  no  serious  increase  from  the  effects  of  erosion  due  to  the  gases ; 
the  only  differences  being  a  slight  increase  in  prominence  of  coil-weld 
marks  at  the  seat  of  the  charge  and  a  normal  increase  of  the  vent.  The 
bore,  and  in  fact  the  whole  system,  is  now  practically  intact,  and  the 
gun  remains  sound  and  serviceable.  No  special  abnormal  results  in 
pressures  and  velocities  are  to  be  noted,  as  where  they  occur  they  have 
resulted  from  theuse  of  experiuiental  powders. 

The  carriage  remains  in  good  condition,  and  no  serious  imperfections 
have  been  developed  by  the  additional  firings. 

The  9-inch  wrought-iron  lined  gun  lias  a  record  of  168  rounds  up  to 
date.  The  bore  remains  smooth  and  perfect,  and  no  sensible  erosion  has 
occurred.  The  maximum  enlargement,  deducting  the  i)lay  of  the  tube, 
is  about  0.01  inch.  .In  all  respects  the  gun  is  sound  and  in  good  condi- 
tion ;  and  the  present  firings  (based  upon  the  idea  of  obtaining  about 
6,000,000  foot-pounds  energy  in  the  projectile  at  the  muzzle)  it  is  in- 
tended shall  cover  at  least  250  rounds  prior  to  any  change  looking  to  a 
more  severe  test  of  the  gun  for  endurance.  It  is  contemplated  that  the 
records  shall  show  at  least  this  numbe.r  ou  or  before  the  10th  of  Octo- 
ber. 

The  carriage  remains  intact,  but  the  increased  violence  of  the  recoil 
of  this  gun  over  the  8-inch  has  necessitated  a  slight  change  in  the  trun- 
nion-beds of  the  upper  carriage,  to  prevent  the  giin  from  rising  out  of 
them. 

A  hydraulic  buffer  and  the  elevating  apparatus  used  with  gun  No.  1 
are  in  use  with  the  9-inch  rifle.  The  buffer  gives  entire  satisfaction ; 
and  the  elevating  apparatus  not  only  subserves  its  ends  of  elevating  and 
depressing,  but  also  overcomes  the  effects  of  muzzle-preponderance. 

No  special  anomalies  resulting  from  powder  or  projectiles  are  at  pres- 
ent observable,  except  in  the  use  of  experimental  powders,  (see  record 
from  156  to  161  rounds  inclusive.) 

The  Sutcliffe  9-inch  breech-loading  rifle  is  now  in  position  ready  for 
firing,  having  had,  since  last  report,  a  muzzle-collar  applied.  Thirteen 
rounds  have  been  fired  so  far  from  this  gun  with  satisfactory  results. 
The  programme  regarding  it,  adopted  by  the  board,  will  be  carried  out 
as  early  as  practicable. 

The  Mann  gun,  altered  for  trial,  is  now  in  position  and  awaiting  the 
opportunities  of  the  board  for  test. 

The  12-inch  Thompson  rifle  has  been  delivered  on  the  proving-ground 
by  the  founders,  and  awaits  the  completion  of  the  platform,  carriage, 
and  chassis,  &c.,  for  its  test. 

The  Lyman  multicharge  has  been  received,  but  not  yet  placed  in  posi- 
tion. 

The  above  embraces  all  the  heavy  guns  at  present  under  trial. 
Very  respectfullv,  your  obedient  servant, 

S.  CRISPIN, 
Bvt  Col.  U.  S.  A.y  Lieut  Col.  of  Ordnance^  President  of  the  Board. 

The  Chief  of  Ordnance,  U.  S.  A., 

Washingtotty  D.  C. 
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Board  on  experimental  guns,  &.O.,  convened  under  orders  of  the  War  Department  dated  October  10, 
1874. 

GEO.  W.  McKEE, 
Ckiptain  <if  Ordnance^  Eeeorder. 
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Appendix  F. 

Washington,  N^ovember  1, 1875. 

Sir  :  I  have  the  honor  to  sabmit  herewith  a  report  on  the  tests  of 
steel  made  by  me  in  connection  with  the  selection  of  suitable  material 
for  the  fabrication  of  gans  on  my  system  of  construction.  The  namber 
of  varieties  examined  is  coDsiderable,  and  the  experiments,  it  is  hoped, 
will  be  foaod  to  contribute  information  of  interest  and  value  outside  of 
the  particular  department  of  the  arts  to  which  they  owe  their  origin, 
in  regard  to  the  combination  of  the  various  properties  of  steel  which 
may  be  found  in  individual  specimens,  the  result  of  the  use  of  different 
materials  and  methods  of  manufacture. 

The  value  of  the  experiments  as  a  contribution  to  the  improvement 
of  methods  of  manufacture  would,  of  course,  be  greatly  enhanced  by 
correct  and  full  chemical  analyses  of  representative  specimens.  Anal- 
yses of  a  few  are  presented,  and  all  the  specimens  are  carefully  marked 
and  preserved,  in  hope  that  others  may  yet  be  subjected  to  chemical 
examination. 

It  is  a  satisfaction  to  state  that  the  most  excellent  specimens  were  of 
American  production. 

I  remain,  very  respectfully,  your  obedient  servant, 

W.  E.  WOODBRIDGE. 

Geueral  S.  V.  Ben]6t, 

Chief  of  Ordnance. 


REPORT. 

The  primary  object  of  these  experiments  was  to  ascertain,  from  the 
examiuation  of  such  samples  as  might  be  found  available,  the  material 
best  suited  for  use,  in  the  form  of  wire,  iu  the  construction  of  guns,  and 
to  aid  manufacturers  of  steel  in  securing  a  more  uniform  excellence  of 
quality,  by  affording  them  an  opportunity  of  recognizing,  by  means  of 
more  exact  tests  than  they  have  been  accustomed  to  apply,  the  compar- 
ative mechanical  value  of  their  products  and  the  conditions  under  which 
the  best  results  had  been  obtained. 

In  considering  what  combination  of  properties  is  requisite  to  consti- 
tute high  excellence  in  a  material  for  the  construction  of  guns  of  the 
largest  caliber,  it  is  necessary  to  give  attention  to  the  manner  in  which 
the  strains  to  which  it  is  subjected  are  applied. 

First  and  most  evident  is  the  general  high  pressure  within  the  bore, 
acting  in  a  manner  comparable  with  that  of  a  liquid  gradually  injected 
and  confined  within  a  cylinder.  To  meet  this,  cohesive  strength,  without 
regard  to  susceptibility  to  extension  or  change  of  form,  is  the  quality 
required.  But  as  the  pressure  is  applied  with  great  rapidity,  and  as  time 
is  an  element  in  the  communication  of  strain,  it  is  necessary  that  the 
material  immediately  surrounding  the  bore,  unable  of  itself  to  oppose 
the  requisite  resistance,  should  be  extensiblcj  in  order  that  it  shall  not  be 
ruptured  before  it  can  receive  the  support  of  the  adjoining  exterior  ma- 
terial, and  elastic,  that  the  extension  shall  not  be  permanent.  An  elastic 
material,  acted  on  by  unequal  strains,  is  necessarily  thrown  into  vibra- 
tions. 

In  the  case  of  a  gun,  not  only  does  the  rapid  application  of  the  internal 
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pressure  produce  vibration,  but  an  additional  cause  is  found  in  the  ine- 
quality of  the  internal  pressures,  arising  in  part  from  the  variable  pro- 
gress of  the  inflammation  of  the  charge,  and  more  largely  from  the 
changing  relation  of  the  pressure  and  inertia  of  the  gases  during  their 
expansion  and  the  progress  of  the  projectile  through  the  bore. 

Vibration,  which  is  a  necessary  result  of  a  necessary  quality  of  the 
material  considered,  requires  the  addition  of  another  property  to  restrain 
its  unfavorable  influence  on  cohesive  strength.  A  perfectly  elastic  body 
conserves  the  energy  employed  in  imparting  to  it  vibratory  movement, 
the  amplitude  of  the  vibrations  being  increased  by  each  accession  of 
energy  until  the  play  of  the  particles  is  carried,  in  some  part  of  the 
body,  beyond  the  limit  of  extensibility,  when  rupture  must  occur.  The 
interference  and  coincidence  of  vibratory  waves  of  different  lengths,  it 
should  be  noticed,  must  produce  local  diminutions  and  augmentations  of 
the  space  through  which  the  particles  play,  and  consequently  local 
strains,  which,  in  a  perfectly  elastic  material,  will  result  in  fracture, 
while  the  general  vibratory  action  may  be  slight.  If,  however,  the  ma* 
terial  possesses  the  capability  of  having  its  form  changed  beyond  the 
bounds  of  its  elastic  movements  without  rupture,  or,  in  other  words,  the 
property  imperfectly  defined  by  malleabilit\  or  ductility,  many  repeated 
applications  of  a  force  otherwise  destructive  may  be  endured  without 
apparent  injury,  the  excess  of  energy  being  consumed  in  the  changes  of 
form,  which  might  bedesignatedpermafien^  were  they  not  often  reversed 
with  each  vibration  of  the  ductile  material.  E'deh  disappearance  of  en- 
ergy in  the  manner  just  mentioned,  that  is,  in  change  of  quiescent  /onuy 
is  of  course  accompanied  by  a  change  of  properties  in  the  material  itself; 
a  change  which  diminishes  and  would  finally  destroy  its  ductility. 

These  facts  manifest  themselves  in  the  now  well-known  deterioration 
of  large  guns  from  the  repeated  use  of  charges  much  smaller  than  were 
formerly  used  in  proof. 

As  no  limit  is  assignable  to  the  force  it  is  desirable  to  impart  to  a  pro- 
jectile, it  is  impossible  to  define  any  bounds  to  the  caliber  and  strength 
to  be  demanded  for  artillery.  The  problem  is,  therefore,  the  production 
and  selection  of  a  material  combining  in  due  proportions,  and  in  the 
highest  attainable  degree,  cohesive  strength,  elastic  extensibility,  and 
the  capability  of  changing  form  (and  retakii^  it)  under  strains  which 
exceed  its  elastic  limit.  Neither  of  these  properties  is  found  in  its  high- 
est degree  in  a  material  possessing  either  of  the  others  also  in  the 
highest  degree,  and  as  yet  no  fixed  relation  is  known  between  them. 

It  may  be  stated,  however,  as  a  general  rule,  which  is  particularly 
applicable  to  steel,  that,  with  the  same  material,  the  means  resorted  to 
for  increasing  strength  increase  elasticity,  but  diminish  extensibility ;  and 
also  that  in  the  effort  to  increase  extensibility,  ultimate  strength  and  re- 
sistance within  the  limits  of  elastic  extensibility  are  made  less.  Some 
of  the  specimens  included  in  these  tests  present  the  most  favorable 
ex<^ptions  that  have  come  to  the  knowledge  of  the  writer,  and  it  is 
much  to  be  hoped  that  the  qualities  they  repiesent  may  become  less 
exceptional  in  production ;  for  it  appears  to  be  beyond  the  power  of  the 
best  manufacturers  to  repeat,  or  closely  approximate  at  will,  their  best 
results. 

Of  all  the  substances  available  for  gun  construction,  some  of  the  vari- 
eties of  steel,  especially  when  wrought  to  small  dimensions,  combine  the 
qualities  stated  to  be  desirable  in  the  greatest  degree. 

The  greater  part  of  the  experiments  have  been  made  upon  steel  in 
the  form  of  wire.    The  size  and  shape  previously  fixed  upon  for  use  in 
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the  coDstrnctlon  of  experimeutal  guns,  three-tenths  of  an  iqch  square, 
(or  nearly  of  that  measurement,)  was  raoj^t  commonly  employed.' 

Other  experiments  were,  however,  made  for  comparison,  as  will  be 
Doticed  in  examining  the  accompanying  tables. 

TENSILE  TESTING-MACHINE. 

The  tensile  tests  were  made  with  the  testing-machine  of  the  Ordnance 
Department  at  the  Washington  navy-yard,  designed  by  the  late  Gen- 
eral Bodman,  and  described  in  his  Eeport  on  Metals  for  Cannon. 

Though  made  a  number  of  years  ago,  it  is,  in  my  estimation,  in  some 
important  respects  better  for  tests  of  that  kind  than  any  other  differ- 
ently constructed  that  has  come  to  my  knowledge  since.  It  has,  how- 
ever, one  feature  which  is  objectionable  when  used  for  testing  Icmg 
8X>ecimens  of  considerable  extensibility.  The  strain  being  applied 
throaghthe  medium  of  the  lever  which  is  also  a  part  of  the  arrange- 
ment for  weighing  its  amount,  it  frequently  happens  that  the  whole 
motion  of  the  lever  is  insufficient  to  take  up  the  elongation  of  which  the 
specimen  is  capable,  so  that  the  machine  has  to  be  re-adjusted,  some- 
times more  than  ont^e.  It  is  also  unfortunate  that  the  principal  lever  of 
the  weighing-apparatus  should  change  its  position  when  in  equilibrium, 
from  another  point  of  view.  Some  friction  of  the  parts  is  unavoidable 
in  making  this  change,  and  the  force  requisite  to  overcome  it  is  not 
applied  in  the  axial  line  of  the  specimen,  as  it  should  be.  It  may  be 
noticed  that  specimens  taken  from  the  machine  after  having  been 
strained  nearly  to  their  breaking-point,  and  afterward  replaced,  often 
fail  before  the  previous  strain  has  been  reached.  This  is  never  the 
effect  of  release  alone,  without  change  of  position  of  machine  or  speci- 
men. 

The  rigidity  of  the  parts  of  the  machine  concerned  in  the  transmis- 
sion of  power  from  the  point  of  application  to  the  specimen,  is  very 
favorable  to  observing  some  of  the  changes  just  preceding  rupture, 
especially  when  the  specimen  is  small;  changes  which  cannot  be 
observed  in  the  use  of  machines  in  which  the  connection  just  referred 
to  is  considerably  more  elastic. 

TENSILE  SPECIMENS. 

The  tensile  specimens,  when  they  consisted  of  plain  wires,  were  held. 
for  testing,  at  both  ends,  by  means  of  clamps,  figured  in  Plate  2.  Fig! 
1  is  a  longitadinal  section,  in  which  a  portion  of  the  wire  is  seen  in  situ. 
A  view  of  the  end  receiving  the  wires  is  given  in  Fig.  2.  The  other 
end  of  each  clamp  is  fitted  to  be  received  in  the  place  of  a  turned  speci- 
men in  thi*  testing-machine. 

Plate  3  presents  the  form  of  the  ends  of  other  tensile  specimens.  The 
screw.  Fig.  1,  enters  a  block  of  metal  constituting  a  head  which  the 
machine  is  adapted  to  receive.  Figs.  2  and  3  are  side  and  end  views  of  a 
portion  of  one  of  the  specimens  formed  by  uniting  gun  wires  with  bronze, 
and  subsequently  turning  them  to  a  suitable  shape.  The  squares  on  the 
end  view  show  the  aiTangemeni  of  the  wires.  Brazing  was  effecited 
without  the  use  of  a  fiux,  on  the  principle  of  the  process  employed  in 
the  fabrication  of  guns. 

MEASUREMENTS. 

The  measnrements  of  the  specimens  were  taken  with  instruments 
made  by  Messrs.  Brown  &  Sharpe,  of  Providence,  B.  I.,  (with  a  little 
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adaptation,)  and  verified  by  comparison  with  standards.  They  were 
read  directly,  by  means  of  verniers,  to  y^  of  an  inch.  In  order  that 
the  instrument  for  measuring  length  couUl  be  applied  with  more  deli- 
cacy and  accuracy,  it  was  suspended,  and  its  weight  balanced  by  a 
counterpoise.  The  measurements  were  nearly  all  made  by  Mr.  William 
F.  Dove,  and  carefully  verified  by  the  writer  until  Mr.  D.'s  care  and 
accuracy  were  fully  established. 

The  instruments  being  of  steel,  the  rate  of  expansion  by  he^t  must 
have  agreed  with  that  of  the  specimens  so  closely,  that  the  slight  changes 
of  the  temperature  of  the  place  of  experiment  could  have  had  no  appre- 
ciable eflfect,  but  the  temperature  of  the  instrument  and  specimen  were 
almost  necessarily  different,  as  the  one  was  affected  by  the  heat  of  the 
hand  and  the  other,  in  a  greater  degree,  by  the  action  of  the  force 
applied. 

Errors  of  observation  probably  rarely  equaled  j^^  of  an  inch ;  but 
the  combined  errors,  including  friction  and  differences  of  temperature, 
could  not  be  limited  to  that  amount. 

TORSIONAL  TESTS. 

It  was  considered  desirable  that  each  coil  of  wire  designed  to  enter 
into  the  structure  of  a  gun  should  be  separately  tested,  on  account  of 
the  variability  of  steel  made  under  circumstances,  apparently  to  the  man- 
ufacturers, as  nearly  identical  as  could  be  secured.  To  accomplish  this 
by  any  available  apparatus  for  tensile  tests  would  have  required  the 
expenditure  of  much  labor  and  a  very  considerable  amount  of  steel. 
About  two  feet  of  length  are  required  for  a  suitable  tensile  specimen 
of  wire,  while  three  inches  suffice  equally  well  for  a  torsional  test,  and 
the  labor  involved  is  much  less.  Principally,  for  these  reasons,  a  tor- 
sional testing-machine  was  designed  and  constructed.  Though  it  may 
not  be  easy  to  predict  from  either  a  torsional  or  tensile  experiment  pre- 
cisely wliat  may  be  the  results  of  the  other,  the  two  methods  give 
results  easily  comparable,  torsional  resistance  in  one  representing  ten- 
sile resistance  in  the  other,  and  torsion  representing  extension. 

It  rarely  happens  that  a  tensile  specimen  is  reduced  in  size  in  all  its 
parts  with  anything  like  uniformity,  so  that  its  capability  of  elongation 
is  far  from  being  exhausted,  and  the  final  elongations  in  different  experi- 
ments of  the  same  material  do  not  show  a  close  correspondence.  The 
reduction  of  size  at  the  place  of  fracture  affords  probably  a  better 
basis  for  comparisons,  but  the  torsional  machine  is  believed  to  give 
more  uniform  results,  with  the  same  degree  of  uniformity%iu  the  condi- 
tions. From  the  greater  facility  with  which  small  changes  in  the  speci- 
men may  be  observed  by  its  use,  it  has  special  advantages  in  ascertaining 
the  altered  condition  of  the  metal  consequent  on  the  strains  applied* 

The  tables  of  experiments  on  reversed  torsion  and  on  the  develop- 
ment of  elastic  resistance  and  resilience  will  illustrate  this  remark. 

DESGRn?TION  OF  TORSIONAL  TESTINOMAOHINB. 

The  torsional  testing-machine  employed  is  represented  in  plate  1. 

Two  sliding  heads,  A  and  B,  are  fitted  to  a  bed-piece,  C,  one  of  them 
carrying  the  parts  concerned  in  applying  the  strain  and  measuring  the 
extent  of  torsion,  and  the  other  the  means  of  determining  the  force 
applied. 

The  head  A  bears  a  hollow  shaft,  D,  mounted  like  the  spindle  of  a 
lathe,  and  rotated  by  means  of  a  worm-wheel,  E,  and  endless-screw,  F, 
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the  latter  operated  by  a  crank  turned  by  hand.  One  hundred  turns  of 
the  crank  give  one  rotation  to  the  wheel.  For  convenience  of  operation, 
the  screw  may  be  slid  out  of  gear  with  the  wheel  by  an  endwise  niotion 
in  the  reverse  direction  from  that  to  which  it  tends  w^hen  applied  to 
work. 

A  circle  on  the  face  of  the  worm-wheel  is  divided  into  one  hundred 
parts,  and,  with  the  aid  of  a  vernier,  G,  the  extent  of  its  rotation  may 
be  read  directly  to  y^  part  of  a  revolution.  One  end  of  the  shaft  D 
is  fitted  for  the  reception  of  clamp  pieces,  II  and  I,  to  take  hold  of  the 
specimens  to  be  tested.  They  are  held  in  place  and  closed  upon  the 
sx>ecimen  by  means  of  screws  J  and  K. 

The  head  B  bears  a  graduated  lever,  L,  attached  to  a  rocking-shaft, 
M,  (hollow  and  partially  cut  away,)  so  as  to  oscillate  in  a  manner  that 
will  be  readily  understood  from  inspection  of  Fig.  6,  on  tine  jnvots  jjjp, 
hardened  and  polished.  The  shaft  to  which  the  lever  is  attached  is  fitted 
with  clamp  pieces  and  screws  in  the  same  manner  as  the  shaft  D.  ]Sr  is 
a  wrench  for  operating  the  screws.  A  weight,  O,  slides  upon  the  lever, 
its  movement  through  the  whole  length  of  the  scale,  which  is  divided 
into  one  hundred  parts,  indicating  a  difference  of  one  pound  at  the 
distance  of  one  foot  from  the  center  of  mption,  a  distance  to  which  all 
the  strains  are  referred.  The  lever  and  sliding  weight,  when  at  zero, 
are  balanced  by  the  counterpoise  P.  From  the  outer  end  of  the  lever 
are  suspended,  from  knife-edges,  in  a  manner  that  need  not  be  particu- 
larly described,  additional  weights,  as  required.  These  weights  are 
represented  in  Figs.  7  and  8. 

An  arm,  Q,  projecting  from  the  head  B  bears,  at  its  outer  end,  a  loop, 
B,  through  which  the  lever  passes,  and  by  which  its  motion  is  restrained 
to  narrow  limits  of  oscillation.  A  scale  is  sometimes  attached  to  the 
loop  for  reading  small  variations  in  the  position  of  the  lever. 

By  sliding  the  heads  upon  the  bed-piece,  the  clamps  may  be  brought 
together  or  separated  to  the  distance  of  about  12  inches,  the  machine 
thus  accommodating  itself  to  specimens  of  various  lengths.  Its  capacity 
is  not  intended  to  exceed  the  test  of  steel  specimens  of  one-half  inch  in 
diameter. 

ANNEALING. 

In  order  that  the  distinctive  properties  of  specimens  of  steel  may  be 
ascertained  and  compared,  it  is  necessary  that  they  should  be  brought 
to  occupy  some  common  level  of  condition  before  the  application  of 
mechanical  tests,  a  state  which  is  best  secured  by  uniform  annealing. 
This  process,  as  usually  conducted,  subjects  the  pieces  to  superficial 
oxidation  and  coirsequeut  removal  of  at  least  some  small  proportion  of 
carbon  from  the  exterior  part.  It  becomes  necessary,  therefore,  to  give 
the  specimens  protection  during  the  process.  This  has  been  done  by 
surrounding  them,  when  heated  and  while  cooling,  with  a  mixture  of 
cast-iron  borings  and  sesquioxide  of  iron.  This  mixture  is  employed 
not  only  to  guard  against  oxidation,  but  to  prevent  the  absorption  of 
carbon,  which  there  seems  reason  to  suspect  in  the  use  of  the  cast-iron 
borings  alone. 

It  i^*  assumed  that  the  action  of  any  carbonic  oxide  or  other  carburiz- 
ing  gas,  which  might  be  formed  in  the  process,  would  be  expended  in 
the  reduction  of  the  finely-divided  oxide  rather  than  upon  the  inclosed 
steel.  As  a  further  precaution,  to  prevent  the  injurious  presence  of 
sulphur  derived  from  the  oil  with  which  such  borings  are  liable  to  be 
contaminated,  even  when  it  would  not  be  suspected  from  their  appear 
ance,  they  are  kept  at  a  red  heat  for  some  time,  and  cooled  without 
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access  of  air,  before  being  employed  in  annealing.  Any  sulphur  reiuain- 
ing  after  the  decomposition  of  ttie  oil  would  be  speedily  absorbed  in 
the  production  of  siilpliide  of  iron. 

The  proportion  of  oxide  mingled  with  the  borings  is  about  as  one  to 
ten  by  weight. 

The  specimens,suiTounded  with  the  mixture,  areinlosed  in  a  wrought- 
iron  tube  having  one  open  end,  which  is  closed  by  an  iron' plug  after 
the  tube  is  charged.  The  plugged  end  is  heated  a  little  in  advance  of 
the  other  and  cooled  a  little  later.  The  whole  tube  is  brought,  aa  evenly 
as  possible,  to  a  bright-red  heat,  and  maintained  there  long  enough  to 
insure  a  nearly  equal  tem[)erature  to  its  contents,  [t  is  then  removed 
from  the  furnace  and  buried  in  pulverulent  lime,  which  so  well  retains 
the  heat,  that  at  the  expiration  of  sixteen  hours  it  is  found  too  hot  for 
the  hands. 

At  first  the  eye  was  depended  on  for  determining  when  the  proper 
heat  had  been  reached,  but  a  means  of  greater  certainty  was  soon  em- 
ployed. Little  tubes,  generally  made  by  drilling  a  piece  of  gun-wire, 
were  prepared,  the  open  end  being  fitted  with  a  tight  surew  plug.  These 
were  charged  with  pieces  of  alloy  or  metal  of  different  fusibilities  and 
inclosed  in  contact  with  the  specimeus.  If,  after  annealing,  the  more 
fusible  alloy  was  found  to  have  been  melted,  while  the  other  had  not  been, 
it  was  evident  that  the  heat  had  been  limited  to  the  interval  between 
the  two  melting  points.  The  standard  of  heat  adopted  was  between  the 
melting-points  of  copper  and  of  an  alloy  composed  of  five  parts  of  copper 
tx)  one  of  tin.  When  a  bundle  of  specimens  were  annealed  together,  the 
more  fusible  metal  was  placed  in  the  center  and  the  less  on  the  outside  ; 
if  the  specimens  were  of  considerable  length,  two  or  more  sets  of  heat- 
tests  were  employed.  Aft-er  all  the  experience  obtained  with  the  aid  of 
such  gnides  and  the  most  favorable  conditions,  a  skillful  W(»rkman  some- 
times failed  to  judge  correctly  of  the  heat,  and  if  either  the  copper  was 
found  melted  or  the  bronze  unmelted,  the  si»ecimens  were  not  accepted 
for  tests  comparing  qualities. 

In  the  tables  considerable  matter  will  be  found  bearing  upon  the 
effects  of  annealing  at  different  heats. 

Too  many  of  the  tests  of  steel  on  record  have  beeii  made  without  re- 
gard to  previous  mechanical  treatment,  and  their  value  as  a  means  of 
comparing  the  different  methods  of  manufacture,  or,  when  taken  alone, 
of  indicating  the  real  quality  of  the  mat^srial  experimented  on,  is  there- 
fore very  small.  This  fact  is  mentioned  because  surprise  may  be  felt  by- 
some  in  noticing  that  in  the  following  tables  of  tensile  tests  the  break- 
ing-strains, estimated  upon  the  original  area  of  cross-section,  are  not  as 
great  as  they  are  accustomed  to  see  given  in  tables  of  the  strength  of 
materials,  an  observation  which  holds  good,  iiot  only  with  regard  to  the 
low  steels  in  which  cohesive  strength  is  designedly  relinquished  in  some 
degree  for  the  sake  of  greatep  extensibility,  but  also  as  regards  zhe 
"  tool  steels  ^  of  higher  carburization.  As  sent  from  the  works,  bars  of 
tool-steel  are  hammer-hardened  in  various  degrees,  by  which  their  ten- 
sile resistance  is  increased  at  the  expense  of  their  extensibility,  and  in 
this  condition,  usually,  the  tests  have  been  applied.  Another  cause  has 
contributed  to  error  in  stating  the  strength  of  materials.  The  form  of 
specimen  often  used,  in  which  only  a  very  short  part  was  reduced  to 
the  diameter  measured,  give  a  higher  breaking-strain  than  a  cylindric 
or  prismatic  form. 

The  considerations  which  make  it  desirable  that  tests  of  pieces  of  con- 
struction should  be  made  upon  specimens  of  the  full  size  of  the  work 
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also  lead  to  the  desirableness  of  ascertaining  the  distinctive  qualities  of 
materials  from  specimens  of  small  size,  in  which  internal  conflicting 
strains,  incident  to  a  variety  of  causes  affecting  large  pieces,  are  easily 
avoided.     * 

GUNPOWDER  TESTS. 

It  was  considered  important  to  ascertain  the  effects  of  strain  applied 
with  the  rapidity  of  the  action  of  gunpowder  upon  the  extensibility  of 
specimens  of  gun-wire  comiiared  with  those  resulting  from  the  strains 
applied  by  means  of  testing-machinery.  How  far  the  well-known 
property  belonging  to  some  other  materials,  of  changing  their  form 
readily  under  moderate  continued  force,  while  they  manifest  great 
brittleness  if  the  rupturing  strain  be  quickly  aj>plied,  might  be  found  to 
belong  tx)  the  steel  examined,  could  be  determined  only  by  exx^eriment. 
That  ordinary  steels  manifest  this  property  under  the  action  of  blows, 
was  well  known.  To  test  representative  specimens  of  the  wires  in 
respect  to  the  quality  referred  to,  an  apparatus  was  prepared  in  which 
the  strain  upon  the  wire  was  exerted  by  the  explosion  of  a.  charge  of 
gunpowder.  It  is  represented  in  plate  5.  A  is  a  hollow  steel  cylinder, 
within  which  the  explosion  takes  place.  The  specimen  to  be  tested, 
D,  lies  centrally  in  the  bore,  and  is  grasped  at  the  ends  by  clamps  B 
and  C,  (represented  on  a  larger  scale  in  Figs.  2  and  3,)  which  have  ati 
exterior  cyliudric  surface,  fitted  loosely  to  the  bore.  The  wedges  a  and 
fr,  between  which  the  specimen  D  is  pinched  within  the  clamps,  are 
closed  upon  it,  as  a  result  of  their  inertia,  at  the  first  moment  of  firing, 
and  by  the  pull  upon  the  specimen. 

The  charge  of  powder  employed  was  inclosed  in  a  light  paper  box,' 
its  ends  being  peiforated  to  allow  it  to  slide  into  position  on  the  speci- 
men, and  its  sides  punctured  to 'admit  the  flame  from  an  ordinary 
primer.  The  inner  portion  of  the  vent  e  was  reduced  to  a  diameter  of 
one-tenth  of  an  inch.  Gas-checks,  of  which  .one  is  shown  in  section  at 
j7,  Fig.  2,  were  provided  to  prevent  escape  of  gas,  either  at  the  sides  of 
the  bore  or  about  the  specimen  being  tested.  The  cylinders  D  and  E 
(fortunately  found  among  old  material)  were  filled  with  sand  (retained 
in  place  by  light  boards  g  h)  and  employed  to  receive  and  arrest  the 
clamps  and  fractured  specimens  after  the  explosion. 

After  the  first  few  experiments,  which  evinced  an  unexpected  degree 
of  extensibility  in  the  specimens,  it  was  thought  desirable  to  ascertain, 
with  such  degree  of  approximation  as  might  be  readily  secured,  the 
straiiis  by  which  the  work  wiis  effected.  For  this  purpose  the  arrange- 
ment represented  in  full  size  in  Fig.  4  was  provided.  A  is  the  section 
of  a  portion  of  the  cylinder  within  which  the  explosion  takes  place, 
drilled  and  tapped  to  receive  a  piston,  F,  and  screw-plug  G,  between 
which  is  placed,  previous  to  each  discharge,  a  ^^  pressure-disk,"  H.  A 
ring  of  leather,  occupying  the  groove  n,  forms  the  requisite  packing  for 
the  piston. 

The  outer  end  of  the  piston  is  coiiically  concave,  the  surface  of  the 
concavity  being  chased  to  form  helical  threads  of  ^  of  an  inch  pitch 
from  center  to  circumference,  and  divided  radially  into  ten  equal  parts. 
One  of  the  dividing-lines  is  enough  heavier  than  the  others  to  be  easily 
distinguished. 

The  disks  which  receive  and  record  the  pressure  are  made  from  metal 
first  drawn  into  wire  three-eightbs  of  an  iucli  in  diameter,  and  afterward 
cat  and  finished  in  a  lathe  to  the  thickness  of  0'M25. 

The  figure  at  J  is  intended  to  represent  the  arrangement  of  the  lines  on 
the  outer  end  of  the  piston^  and  K  an  impression  upon  one  of  the  disks. 
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When  the  piston  is  forced  npon  them,  they  yield  to  the  pressure  to  an 
extent  indicated  by  the  number  of  turns  of  the  helical  thread  imprinted 
upon  them,  from  which  may  be  read  the  indication  of  pressure. 

The  arrangement  may  be  designated  a  modification  of  Lieutenant 
Metcalfe's  modification  of  the  Eodman  pressure-gauge. 

Three  materials  were  separately  used  for  the  disks :  copper,  an  alloy 
of  zinc  and  tin,  and  tin  alone. 

From  imprints  of  the  piston  on  disks  pressed  in  the  testing-machine 
with  given  weights,  curves  were  constructed  in  which  the  pressures  were 
taken  as  abscisses  and  turns  of  the  helices  impressed  as  ordinates. 
These  were  used  in  reading  the  indications  of  pressure  in  the  experi- 
ments with  gunjiowder.  Copies  of  the  curves  are  given  in  plate  6,  the 
curve  for  copper  being  a  part  of  one  of  greater  extent,  afterward  verified 
and  much  used  in  taking  pressures  in  ex[)eriments  of  a  different 
character. 

A  comparison  of  the  results  obtained  with  disks  of  dififereut  materials 
seems  to  indicate  that  the  question  of  time  in  the  duration  of  pressures 
enters  more  largely  into  the  results  with  some  metals  than  with  others. 
It  would  appear  probable  that  copper  approaches  a  true  indication  much 
more  nearly  than  tin. 

EXLANATION   OF  MARKS   APPLIED    TO   DESIGNATE   THE  MATERIAL  OF 

SPECIMENS. 

HWco.  All  the  specimens  bearing  this  mark  were  produced  by 
Messrs.  Hussey,  Welles  &  Co.,  and  all  were  furnished  by  them  in  the 
form  of  rolled  wire  rods  three-eighths  of  an  inch  square,  with  the  excep- 
tion of  one  bearing  the  mark  of  HWcoT,  a  |-inch  square  hammered 
bar  of  the  "  best "  tool-steel,  procured  at  their  Philadelphia  agency. 

BA  to  CE.  The  specimens  marked  with  two  large  letters,  (without 
the  addition  of  the  small  ones,  "co,")  in  alphabetical  succession,  be 
tween  and  including  BA  and  GE,  are  also  of  their  production,  and 
were  furnished  upon  an  order  for  a  sample  of  1,000  x>ounds,  to  be  as 
nearly  as  possible  like  the  selected  specimen  HWco  4. 

CM  to  CV.  These  letters  designate  ten  rolled  f  inch  square  rods,  rep- 
resenting as  many  meltings,  afterward  furnished  by  them,  and  intended 
to  be  alike  and  of  the  average  quality  of  the  1,000-pound  sample. 

DL  to  DP  were  subsequently  furnished  by  the  same  firm,  and  speci- 
mens of  the  same  metal  were  also  marked,  in  the  same  order,  HWoo, 
with  the  addition  of  the  numerals  8,  9, 10, 11,  and  12.     

Another  lot,  containing  eight  samples,  was  marked  HWco,  with  the 
numerals  13, 14, 15,  16,  17, 18,  19,  and  20.  Like  the  preceding,  they 
were  intended  to  be  of  the  average  quality  of  the  1,000-pound  sample. 

All  these  samples  were  of  the  kind  called  "  crucible  steel,"  the  carbur- 
ization  of  the  iron  being  effected  within  the  crucible  at  the  time  of  melt- 
ing. 

CHco,  in  every  instance  but  one,  (when  the  mark  CHco  6  I  is  used 
to  designate  a  quality  of  iron  made  by  the  Trenton  Iron  Company,  and 
called  by  them  "gun  screw  iron,")  is  used  to  designate  "Martin  steel" 
manufactured  by  the  New  Jersey  Steel  and  Iron  Company.  Specimens 
numbered  1,  2,  3,  and  4  were  of  varying  qualities,  furnished  to  afford 
opportunity  for  selection. 

K  to  AF,  The  specimens  bearing  these  letters  and  those  between 
them  in  alphabetical  order  were  also  of  Martin  steel,  the  production  of 
the  same  company,  and  were  furnished  upon  an  order  for  1,000  pounds, 
to  be  of  the  same  quality  as  the  selected  specimen  designated  CHco  4  S. 
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The  specimens  marked  GHoo  with  the  addition  of  the  numerals  6,  7, 
8,  and  9  were  made  from  different  parts  of  a  sprue  examined  to  ascertain 
whether  specimens  taken  from  the  parts  of  the  castings,  so  called,  coald 
be  made  available  for  determining  with  sufficient  accuracy  the  properties 
of  the  "  charge  ^  of  steel  which  they  might  represent. 

These  sprues  are  the  metal  filling  the  side  runners  connecting  a 
*' groups  of  ingots  at  the  bottom  with  the  central  runner,  through  which 
the  pouring  is  made.  They  are  approximately  2^  inches  square,  curved 
in  form,  and  the  portion  furnished  about  5  inches  long.  The  sprues  are 
li^enerally  more  porous  thnn  the  ingots  with  which  they  are  cast,  and 
for  that  reason  the  question  of  how  far  they  might  furnish  means  of  as- 
certaining the  quality  of  the  ingots  was  one  of  doubt.  The  porosity  of 
this  sprue  was  chietiy  central  and  inclining  to  the  upper  side.  In  forg- 
ing the  rods  preparatory  to  drawing  into  wire,  the  sprue  was  first  flat- 
tened from  above  downward  into  a  bar  about  3"  x  V\  About  three- 
fourths  of  this  was  slitted  into  three  bars  about  1  inch  square,  and  the 
remainder  drawn  into  a  bar  of  the  same  dimensions.  After  close 
examination  and  the  removal  of  all  visible  defects  or  flaws,  they  were 
reduced  to  wire  rods  three-eights  of  an  inch  square  and  drawn  into 
wires  of  the  usual  size.  The  diagram  below  will  indicate  to  what  por- 
tions the  several  marks  were  applied. 


CHcod 

1 

CHoo7 

CHco  9 

CH006 

The  bar  marked  7  would,  of  course,  be  formed  of  the  most  porous 
portion  of  the  sprue,  6  and  8  of  the  least  porous,  and  9  would  represent 
the  whole. 

CP  to  CK  designate  specimens  of  Martin  steel,  from  the  same  source. 
rolled  to  finch-square  wire  rods,  from  ingots  cast  from  three  "  charges/ 
each  of  which  was  poured  to  form  two  groups  of  ingots.  The  letters 
were  applied  as  follows : 

CF  to  the  specimen  from  the  first  group,  first  charge. 

CO  to  the  specimen  from  the  second  group,  first  charge. 

CH  to  the  specimen  from  the  first  group,  second  charge. 

CI  to  the  specimen  from  the  second  group,  second  charge. 

CJ  to  the  specimen  from  the  first  group,  third  charge. 

CK  to  the  specimen  from  the  second  group,  third  charge. 

CL  was  supposed  to  have  been  taken  from  the  lowermost  part  of  the 
ingot  from  which  CF  was  taken  at  the  top.  Its  characteristics  make  it 
evident  that  some  mistake  as  to  its  identity  must  have  occurred. 

Specimens  marked  CHco  SprG,  with  the  addition  of  two  numerals, 
were  specimens  prepared  from  six  diflerent  sprues  from  the  same 
"charge"  or  melting.  The  first  added  numeral  refers  to  the  group  of 
ingots  from  which  the  piece  was  taken ;  the  second  to  the  number  of  the 
specimen  from  that  group.  The  groups  were  poured  in  the  order  of  the 
numbers  given.  These  sprues  were  forged  entire ;  that  is,  without  slitting. 

SPE  with  a  numeral  always  designates  steel  produced  by  the  New 
Jersey  Steel  and  Iron  Company,  the  specimen  being  part  of  a  sprue 
forged  entire,  and  reduced  to  a  wire  rod,  with  care  to  secure  the  most 
perfect  specimen  procurable  from  it. 
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The  relation  of  the  SPB  nnmbers  to  the  ^'charges"  and  "groups" 
with  which  they  were  connected  will  be  readily  seen  by  inspection  of 
the  subjoined  table : 


Charge. 

Groap. 

Sprae  nmn- 
hen. 

1  Charge. 

1 

Groap. 

Sprue  num- 
bers. 

Charge. 

Group. 

Sprue  nain« 
bera. 

1 

1-2 

891   J 

1 

37 

899 

1 

57 

838  < 

2 

3-4 

3 

38 

3 

5-6 

C 

1 

39 

900 

1 

58 

842  < 

1 
3 

7-8 
lO-U 

1        ^'  \ 

2 
3 

40 
41 

ti90 

59 

3 

1 

12-13 
14-15 

892  i 

1 
2 

42 
43 

896 
C 

60 
61 

1 

844   } 

2 

lft-17 

917  I 

2 

m 

3 

18-19 

894   i 

1 
8 

44 

45 

\ 

3 

63 

645  j 

1 

20-21 

I 

1 

64 

2 

20-23 

895  \ 

1                                i' 

I 
2 

46 

,    47 

918  < 

2 
3 

65 
66 

1 

24-25 

1 

1 

1 

848  \ 

2 

26-27 

^  896   I 

1                 c 

1 

48 

C 

1 

/       67 

3 

28-39 

3 

49          , 

919  < 

S 

68 

1                                          ^ 

I 

3 

69 

1 

30-31 

89T    1 

1 

50          1 

852  ) 

2 
3 

32-33 
34-35 

3 

51 

r 

920  1 

1 
2 

70 
71 

EF  designates  a  specimen  of  Martin  steel  from  the  New  Jersey  Steel 
and  Iron  Company,  made  principally  from  "Bessemer  scrap,"  from  the 
production  of  the  works  of  the  Pennsylvania  Steel  Company. 

CSco,  with  numerals  5,  6,  7,  and  8,  designate  "Chrome  steel,"  made 
and  furnished  by  the  Chrome  Steel  Company,  the  sev^eral  numerals  indi- 
cating different  meltings,  intended  to  be  of  the  same  quality. 

The  higher  numerals  designate  specimens  subsequently  furnished^ 
intended  to  combine  as  much  as  possible  the  quality  of  high  cohesive 
strength  with  large  extensibility,  and  to  be  alike  in  quality.  » 

The  specimens  marked  CHBoicE  were  taken  from  a  bar  marked  "No. 
3,"  which  had  been  procured  from  the  same  company  for  use  in  the  ord- 
nance-shops at  the  Washington  navy-yard. 

Nco  I  designates  specimens  made  from  the  same  bar  of  Norway  iron, 
of  the  brand  H<P^j  turnished  by  Messrs.  Naylor  &  Co. 

Noo  1  S,  with  a  letter  in  brackets,  designates  six  wire  rods  furnished 
by  Messrs.  Naylor  &  Co.,  made  and  imported  as  a  specimen  intended  to 
combine  in  the  highest  degree  the  properties  ot'  streui^th  and  extensi- 
bility. They  are  distinguished  individually  by  the  different  added  let- 
ters. 

Nco  T  designates  specimens  of  "best  cast- steel,"  (or  tool-steel,)  fur- 
nished by  the  same  firm.  All  the  specimens  are  understood  to  have 
been  produced  by  cementation  before  fusion. 

PBco  1  designates  a  specimen  of  the  so-called  "German  steel,"  rolled 
to  finch  square  from  a  cemented  bar  not  afterward  melted,  furnished 
by  Messrs.  Park,  Brother  &  Co. 

PBco,  with  other  numerals,  designates  cemented  cast-steel,  designed 
to  be  alike  and  of  the  best  quality,  rolled  |  inch  square,  furnished  by 
the  same  tirm. 

Cc6,  numbers  1  to  10,  designate  a  set  of  spe'cimens  of  cemented  steel 
received  as  finch  square  hammered  bar,  from  Messrs.  Miller,  Barr  & 
Parkin,  intended  to  be  alike  and  of  the  best  quality. 

The  letters  DV,  DW,  DX,  DY,  and  DZ  designate  specimens  designed 
to  be  alike,  (also  in  some  specimens  marked  Ceo  11-15,  in  the  same 
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order,)  and  EA,  EB,  EC,  EB,  and  ES  (also  marked   Ceo  16-20)   were 
rolled  wire  rods  from  tbe  same  firm. 

Cbxbcsht  is  a  specimen  of  tool  steel  made  by  the  same  parties,  but 
not  furnished  directly  by  them. 

Tco,  with  added  numerals,  designates  specimens  of  crucible  steel, 
famished  as  wire-rods  |  inch  square,  by  Messrs.  J.  R.  Thompson  &  Go. 
Nos.  1  to  10  were  stated  to  be  eacli  of  a  <lifferent  quality.  Nos.  11  to  16 
were  subsequently  furnished,  and  were  intended  to  be  alike. 

NSco  designates  specimens  of  crucible  steel  furnished  b^^  Messrs. 
Benj.  Atha  &  Co.  The  first  Hve  numbers  were  <lesigned  to  be  all  dif- 
ferent. NSco  1  differs  from  the  others  in  being  made  trom  a  cheaper 
stock.  Nos.  2,  3,  and  4  were  intended  to  differ  in  the  amount  of  carbon 
only. 

A  second  lot  took  the  Nos.  6,  7,  and  8;  6  was  their  ordinary  tool-steel; 
7  and  8  were  of  cheaper  slock,  7  being  lower  in  carburization,  and  8  still 
lower. 

The  third  lot  contained  four  samples,  designed  to  be  an  improvement 
on  HSco  7,   and  ftll  alike.    They  were  numbered  from  9  to  11,  inclusive. 

Aco.  This  is  the  designation  of  samples  of  crucible  steel  furnished  by 
A.  C.  Lewis,  manager  of  the  Atlantic  Steel  Works.  The  first  lot  con- 
sisted of  ten  f -inch  square  wire  rods,  rolled  from  as  many  ingots.  Tliey 
were  intended  to  be  alike  in  quality,  and  to  meet  the  results  of  the  tests 
of  other  approved  sam[>les,  as  nearly  as  might  be,  on  first  trial.  They 
were  marked  with. numbers  added  from  1  to  10.  The  next  lot  of  samples 
contained  30  rods,  rolled  as  before,  each  the  product  of  a  different 
Tuelting.  They  were  cliissed  in  three  grades,  bundled  separately,  the 
rods  in  each  bundle  intended  to  be  alike.  The  rods  in  bundle  I  were 
marked  Aco,  with  added  numerals  12  to  21,  inclusive;  in  bundle  11,  32 
to  41,  inclusive;  and  bundle  111,  22  to  31,  inclusive. 

Following  this,  another  lot,  containing  43  rods,  was  furnished,  repre- 
senting as  many  meltings.  They  were  in  two  bundles,  but  not  sepa- 
rated as  to  grade.    They  were  numbered  from  42  to  84,  inclusive. 

•A  subsequent  lot,  divided  into  five  grades,  was  marked  with  numerals 
as  below: 

Grade  1,  85  to  95. 

Grade  2,  96  to  106. 

Grade  3,  107  to  127. 

Grade  4,  128  to  137. 

Grade  5,  138  to  147. 

ASco  designates  a  single  specimen  of  cast-steel  furnished  by  the 
Aultman  Steel  Company. 

BSSB  and  BSco,  with  added  numerals,  designate  several  samples 
of  "open-hearth"  steel,  furnished  by  manufacturers  who,  at  the  time, 
desired  not  to  have  their  names  mentioned  in  connection  with  them. 

Mco  designates  samples  of  "open-hearth'^  (or  Martin)  steel  pro- 
duced at  the  Midvale  Works,  and  furnished  by  the  proprietors  in  the 
form  of  rolled  f  inch  square  rods. 

No.  1  was  a  specimeit  of  low  steel,  such  as  they  were  constantly  pro- 
dacing  for  the  ordinary  uses  of  that  material.  Nos.  2  and  3  were  fur- 
niBhed  afterward. 

No.  2  bore  the  stamp  of  one  star,  and  was  stated  to  be  '*low  in  carbon.'' 
No.  3  was  marked  with  two  stars,  and  was  stated  to  contain  more  carbon 
than  the  former,  but  otherwise  to  be  of  the  same  metal. 

Bes,  with  numerals,  designates  specimens  of  Bessemer  steel  procured 
at  tbe  works  of  Messrs.  John  A.  Griswold  &  Co.  They  were  short  bars, 
hammered  to  about  three-iourtlis  of  an  inch  square.  The  portions  re- 
daced  to  wire  were  first  hammered  to  J-inch  square  rods. 
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SBco  is  applied  to  two  f -inch  faammered  bars  of  Messrs.  Sandersoo 
Bros.  &  Co.'s  "best  cast-steel,"  (tool-steel,)  of  English  manufacture ;  pro- 
cured at  their  agency  in  Philadelphia.  The  bars  are  marked,  respect- 
ively, SBco  1  and  SBco  2. 

HEco  designates  twof-inch  square  hammered  bars  of  "  best  cast- 
steel,''  (tool-steel,)  English,  the  production  of  Messrs.  Wilson,  Hawks- 
worth,  Ellison  &  Co.,  numbered,  respectively,  1  and  2. 

Jco  designates  two  bars,  §-inch  square,  hammered  "  best  cast-steel," 
(tool-ateel,)  produced  by  the  English  manufacturers,  Messrs.  Wm.  Jes- 
sop  &  Sons,  numbered  1  and 2. 

rMco  is  the  mark  applied  to  two  |-inch  square  hammered  bars  of 
'« best  cast-steel,"  (tool-steel,)  English,  made  by  F.  W.  Moss,  and,  like 
the  other  English  specimens,  procured  from  the  manufacturer's  agents. 

JBHco  designates  a  si)ecimen,  procured  in  the  form  of  a  l^inch 
square  bar,  of  Prussian  steel,  the  production  of  Messrs.  J.  B.  Haseclever 
&  Sons,  procured  through  their  agent  in  Philadelphia.  It  is  a  so-called 
"natural  steel,"  imported  under  the  name  of  ••  double-refined  wedge" 
steel,  under  the  impression  of  its  being  of  very  superior  quality.  The 
portion  drawn  into  wire  was  first  hammered  to  three-eighths  of  an  inch 
square. 

Hco  is  the  mark  borne  by  two  specimens  of  steel  known  as  "Hobson's 
Choice."  They  are  of  English  manufacture,  produced  by  Messrs.  Francis 
Hobson  &  Son,  and  procured  from  their  agent  for  use  in  the  ordnance 
shops  at  the  navy-yard.    Both  bars  bore  the  brand 

CHOICE  (^  EXTEA. 

Specimens  marked  I&Ssc  and  I&Sic  were  composed  of  iron  and 
chrome  steel  united.  The  rods  from  which  the  wires  were  drawn  were 
formed  by  welding  together  in  square  form,  in  angular  swages,  nine 
wires  0".3  square,  and  afterward  drawing  them  under  the  hammer  to 
the  proper  size.  In  one  case  the  central  wire  and  the  four  at  the  corners 
were  of  steel.  The  specimen  so  produced  was  marked  I&Ssc.  In  forc- 
ing the  other,  iron  wire  occupiecl  the  center  and  corners  of  the  welded 
piece.  The  relative  position  of  the  iron  and  steel  portions  of  the  finished 
wire  is  shown  in  the  sections  Figs.  8  and  9,  Plate  4. 

The  specimens  of  wires  not  bearing  the  mark  of  a  star  in  addition  to 
the  other  designating-mark  were  drawn  by  the  Trenton  Iron  Company 
in  the  ordinary  way,  passing  through  the  processes  of  annealing  and 
pickling.  The  superficial  portions  of  such  wires  were  found  partly  de- 
carburized,  a  result  manifested  on  breaking  a  hardened  piece,  when  the 
parts  would  often  be  held  together  by  a  very  thin  skin  of  soft  metal. 

As  an  economy  of  time,  tools  for  drawing  wires  of  moderate  length 
were  attached  to  a  strong  planing-machine,  which  furnished  the  neces- 
sary power,  and  used  in  the  preparation  of  many  of  tbe  specimens 
tested.  The  rods  to  be  drawn  were  first  deprived  of  scale  and  oxide  by 
means  of  an  emery  wheel,  and  then  annealed  in  the  manner  described 
as  being  employed  with  finished  specin^ens,  t^hich  rendered  pickling 
unnecessary.  Annealing  after  drawing  was  conducted  in  the  same 
way.  All  specimens  drawn  in  this  way  have  a  star  stamped  on  tbem 
to  indicate  the  fact. 

In  a  few  instances  the  annealing  of  tested  specimens  was  not  done  at 
the  "  standard  heat,"  (between  the  melting-points  ot  bronze  and  copper,) 

and  in  such  cases  the  marks  W   or  ^    ^^e  appli<»d.     The  former  sig- 

nifies  that  the  heat  did  not  melt  bronze,  and  the  latter  that  copper  was 
melted.  In  either  case  the  heat  approximated  the  mean  of  the  two  as 
nearly  as  the  workman  was  able  to  determine  by  the  eye  alone. 
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GHANGES  IN  SPECIMENS  UNDER  TENSION. 

The  order  of  the  phenomeua  of  the  changes  produced  in  a  specimen 
of  extensible  metal  under  tension  slowly  applied  may  be  given,  in  a 
general  way,  as  follows : 

Ist.  Extension  within  the  elastic  limit. 

The  precise  limit  of  the  extension  from  which  a  specimen  will  perfectly 
recover  itself,  on  release,  it  is  impossible  to  ascertain,  as  the  limit,  either 
of  strain  or  extension,  can  only  be  recognized  by  passing  it. 

Within  those  liniits  the  continaance  of  strain  does  not  result  in  appre- 
ciable permanent  change,  at  least  within  modemte  periods  of  time. 

2d.  Extension  beyond  the  elastic  limit,  permanent  elongation,  and 
extension  of  the  elastic  limit  of  strain. 

The  time  for  which  the  strain  is  continued  is  an  important  factor  in 
these  results. 

With  increase  of  strain  these  changes  are  manifested  in  increased 
degree  within  bounds  varying  with  the  material  experimented  on,  the 
strains  sustained  increasing  with  greater  proportionate  rapidity  than  the 
elongations  they  produce. 

These  changes  lead  to  a  condition — 

3d,  in  which  the  specimen  as  a  whole  sustains  the  greatest  strain  of 
which  it  is  capable,  and  in  which  a  definite  minute  increment  of  strain 
reduces  the  area  of  its  cross-section  in  sensibly  the  same  proportion. 

The  point  of  its  occurrence  can,  of  course,  only  be  known  by  pass- 
ing it. 

4th.  Under  the  continuance  of  the  same  strain  the  area  of  the  cross- 
section  of  the  specimen  is  more  or  less  rapidly  reduced  until  rupture 
occurs. 

This  reduction  of  area  is  attended  with  an  increase  of  strength  regarded 
in  relation  to  the  decreased  area,  an  increase  which  may,  under  favor- 
able circumstances,  be  approximately  measured. 

The  strain  at  which  rupture  actually  occurred  in  these  experiments  is 
designated  as  ^^ parting  strmn^^  the  words  ''  breaking  strain^  having  been 
commonly  employed  to  denote  the  highest  strain  sustained  by  a  speci- 
men. 

Tables  of  Tensile  Tests. 

Some  general  explanations  of  these  tables  may  be  necessary. 

The  strains  were  appHed  in  the  order  pre-sented  ;  the  greatest  strain 
given  being  the  highest  strain  the  specimen  was  found  to  sustain. 

The  strains  following  this  were  observed  in  the  course  of  the  diminu- 
tion of  the  area  of  section  occurring  after  passing  the  highest  strain. 

The  last  one  given  is  the  '^  parting  strain,"  that  at  which  actual  rup- 
ture occurred. 

The  time  given  in  connection  with  the  strains  includes  that  in  which 
the  increase  of  strain  was  applied,  together  with  the  time  for  which  the 
given  strain  was  continued  to  produce  the  given  elongation,  unless  other- 
wise noted. 

The  elongation  recorded  is  that  produced  by  the  given  strain  con- 
tinued uhtil  its  maximum  efifect  had  been  very  nearly  reached,  except 
when  otherwise  stated. 
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Table  12. — Experiment  on  changes  of  dimensions  hy  annealing. 


Square  gun-wires. 

Before  annealing. 

After  annealing. 

;         Mark  designating  kind  of  material. 

1 

1 
1 

Meaaurementa. 

Measurementa. 

Of  length. 

OfcrosA-aection. 

Of  length. 

Ofcrosa-aectioD. 

B  A 

Inches. 
12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Inchu. 
.  3028  X  .  3028 

.302    X.305 

.  3032  X  .  3046 

.305    x.3056 

.305    x.303a 

.  3018  X  .  3034 

.  3037  X  .  3038 

.  3022  X  .  3040 

.  3020  X  .  :)017 

.  3u:il  X  .  3033 

.  3050  X  .  3032 

.3023  x.3031 

.  3022  X  .  3021 

.  3038  X  .  3035  ' 

.  3045  X  .  3044  , 

Inches. 
12.006 

12.004 

llOOl 

12.000 

12.001 

12.001 

12.004 

13.000 

12.000 

12.000 

12.004 

12.004 

12.000 

12.000 

12.000 

Inches. 

.  3028  X  .  3064* 

BD 

.3020  X   3053 

BF 

.3020  X  .3036 

B  J 

.3046  X.305S 

BM 

.  3053  X  .  3039 

BP 

.3017  X  .3033 

BR 

.  3029  X  .  3039 

BT 

.  3029  X  .  3045 

BTJ 

.3019  X  .3018 

i  B  W 

.  3027  X  .  3038 

1 
BY 

.30.'i7  X.3033 

I  BZ 

.3033  X.3030 

1         

1  C  A 

.  3029  X  .  3021 

cc 

.3042  z    3035 

CB 

.  3045  X  .  3050 

\^  ■"•--■••••*••***■••■■■■*■  .••-••♦•-••••..-••I 

1 

*  So  Ifir^e  a  variation  (tdVoTT  of  an  inch)  suggests  some  change  of  form— perliaps  the  alight  openini; 
of  the  wire  from  au  internal  defect. 


TORSIONAL  TESTS. 


REDUCTION  OF  STRAINS. 


The  figures  given  in  the  tables,  under  the  heading  ^^ Strain j-educed  to 
correspond  to  cross-section  of  0".3  x  0".3,"  are  derived  from  cooiparisous 
based  upon  the  assumption  that  with  the  samematerial,  in  thesame  condi- 
tion, resistance  to  torsion,  in  cylinders  and  prisms,  is  in  proportion  to 
the  cubes  of  the  corresponding  dimensions  of  their  cross-sections.    • 

Confirmation  of  this  rule  may  be  found  in  Tables  18-24. 


SEAMS. 

Some  of  the  specimens,  as  noted  under  the  bead  of  '•^Remarks^^  were 
found  to  have  one  or  more  seams,  This  was  of  frequent  occurrence  with 
specimens  drawn  from  "  sprues." 

Ill  order  that  some  idea  of  the  extent  to  which  these  defects  affected 
the  resistance  and  extent  of  torsion  of  the  specimens  in  which  they 
occurred,  a  few  experiments  were  made  upon  wires  purposely  prepared 
to  exhibit  this  defect  in  a  known  degree. 

Two  rods  of  steel,  (y'A  square,  one  of  them  of  the  kind  indicated  by  the 
letters  B  Sco  2,  and  the  other  by  M  oo  3,  the  former  a  very  low  steel,  and 
the  latter  above  the  average  of  the  faulty  wires  in  carburization,  were 
selected  for  the  purpose.  In  the  center  of  each  side  of  these  rods  a  groove 
was  planed  longitudinally,  designed  to  have  a  width  of  0".05  and  depth 
of  0".12,  and  differing  but  little  from  those  measurements.    The  form 
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of  crof^s-sectiou  thus  produced  is  given  in  figure  5  of  plate  4.  These 
rods  w  ere  annealed  and  drawn  into  wire  in  the  usual  way,  by  which 
the  grooves  were  closed,  seams  being  left,  however,  in  the  situations 
indicated  by  the  lines  on  the  section  Fig.  6  of  the  same  plate.  Specimens 
of  these  wires  were  tested,  both  by  torsional  and  tensile  strains.  The 
primary  record,  however,  appears  not  to  have  been  regularly  entered, 
and  is  (the  only  one  so  far  as  known)  lost.  Speaking  from  recollection, 
the  general  results  were  as  follows : 

Under  tensile  tests  no  marked  variation  was  found  from  the  results 
with  solid  wires. 

Under  torsional  strains,  compared  with  solid  wires,  B  Sec  2  gave  con- 
siderably more  torsion  at  low  strains,  and  ultimate  torsian  was  likewise 
in  small  excess.  M  oo  3  also  gave  more  torsion  under  the  lighter  strains, 
bat  the  ultimate  torsion  fell  short  decidedly.  Both  specimens  gave  less 
resistance,  but  it  is  believed  that  the  diminution  was  in  both  cases  less 
(perhaps  considerably  so)  than  25  per  cent. 

Simple  Inspection  of  the  wires  after  breaking  was  found  to  afford 
very  little  indication  of  the  depth  of  seams :  they  were  almost  univer- 
sally nndiscoverable  before  twisting.  An  expedient  was  adopted  to 
give  better  indication.  Across  each  side  of  the  specimen  a  fine  line  was 
drawn  at  right  angles  with  its  corners.  If  the  specimen  was  sound, 
these  lines  remained  continuous,  but  otherwise  if  there  was  a  seam. 
In  the  latter  case  the  line  was  divided*  at  the  place  of  the  seam,  and  the 
parts  separated  to  an  extent  depending  on  its  depth.  This  result  is 
intended  to  be  illustrated  in  plate  4,  Fig.  4  Figure  3  of  the  same 
plate  shows  the  continuous  line. 

The  space  between  the  separated  ends  of  the  cross-lines,  if  consider- 
able, is  noted  in  the  '^i£&iitar/:«"  following  the  mention  of  ^'a  seam.'' 

PLACE  OF  FBACTUBE. 

The  place  of  fracture  in  the  specimens  is  generally  not  given  in  the 
tables.  In  nearly  all  cases  it  was  at  one  end  or  the  other,  as  repre- 
sented in  Figs.  2  and  3,  plate  4.  The  exceptions  were  in  the  case  of 
some  si)ecially  hard  steels,  which  broke  in  a  manner  designed  to  be  illus- 
trated in  Fig.  1  of  the  same  plate. 

EXTENT  OF  TOESION.  ^ 

The  length  of  the  specimens,  between  the  clamps  or  between  their 
shoulders,  was  generally  one  inch,  and  is  so  stated  in  the  tables.  It 
may  be  well  to  remark  here,  however,  that  the  torsion  occurring  in  these 
specimens  is  greater  than  the  torsion  per  inch  of  longer  ones  of  the  same 
kind.  This  results  from  some  yielding  of  the  metal  outside  of  the  inch 
measured,  which  is  inseparable  from  the  torsion  of  the  measured  part. 
The  relative  results  are  not  supposed  to  be  materially  affected  thereby. 
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TabLe  31. — Experiment  to  determine  the  resistance,  elaetidty,  and  endurance  under  reifer$ed 
torsiona  of  a  gun-wire  drawn  from  crucible  caet^teel  manufactured  by  the  Atlantic  Steel- 
Wwks, 

[MArk,  A  CO  138 ;  tise.  (y'.SQTS  x  0".9971.~Bzperiment  No.  1963.] 


g 

Torsion  to  the  left 

Toraion  to  the  right. 

o 

•*» 

fl 

0 

a 

1 

s 

o 

1 

It 

§ 

"S 

I. 

• 

1 

strain  reqnirei 
from  cent( 

which 
prodn< 

• 

s 

11 

i 

Remark!. 

1 

1 

1 

1 

1 

1 

Lh9. 

m. «. 

Twrm. 

m.«. 

Turn: 

1 

0.1 

35.34 

400 

.010 

0.1 

0  30 

.005 

Specimen  annealed  at  a  heat  between  the 

S 

0 
0.1 

39.00 
33.10 

530 

.011 

0.1 

030 

.010 

melting-pointi  of  bronse  and  copper. 

3 

0 
0.1 

3().60 
34.30 

6  10 

.0135 

0.1 

0  30 

.0105 

Length,  1  inch. 

4 

0 
0.1 

3L35 
34.95 

7  00 

.018- 

0.1 

0  30 

.011 

Each  return  to  the  extreme  of  left-hand  tor-  , 

5 

0 

31.50 

aion  waa  made  with  snffloient  allowaoM 

6 

0.1 
0 

35.17 
31.40 

4  00 

.018 

0.1 

030 

.011 

of  time  to  obtain  very  nearly  the  whole 

0.1 

35.15 

430 

.0135 

0.1 

030 

.011 

extent  of  torsion  that  would  result  from 

7 

0 
0.1 

31.30 
35.08 

800 

.013 

0.1 

0  30 

.011- 

the  continuance  of  the  strain  given. 

8 

0 

31.35 

0.1 

35.30 

8  30 

.013 

0.1 

0  30 

.011- 

9 

0 

31.40 

0.1 

35.30 

700 

.013 

0.1 

030 

.011- 

10 

0 

31.40 

ai 

35.  .10 

10  30 

.013 

0.1 

0  30 

.011- 

11 

0 

31.30 

1 
1 

0.1 

35.38 

5  30 

.013 

0.1 

030 

.011- 

13 

0 

31.34 

0.1 

35.35 

6  00 

.013 

0.1 

0.30 

.011- 

13 

0 

31.30 

0.1 

35.30 

5  40 

.013 

0.1 

030 

.011- 

1 
1 

14 

0 

31.30 

1 
1 

0.1 

35.  35 

6  00 

.013 

0.1 

0  30 

.011- 

1 

15 

0 

31.95 

0.1 

35.30 

5  00 

.013 

ai 

0  30 

.0115 

16 

0 

31.65 

After  standing  15  hoars. 

0.1 

35.80 

'"'e'so' 

".'ow" 

*6'i' 

6  30 

.6115'" 

17 

0 

31.47 

0.1 

35.65 

7  30 

.0135 

0.1 

0  30 

.0115 

18 

0 

31.33 

0.1 

35.55 

7  00 

.0135 

0.1 

030 

.0115 

1 

19 

0 

3L30 

1 

0.1 

35.54 

6  30 

.013 

0.1 

0  30 

.0115 

1 

90 

0 

31.11 

0.1 

35.43 

5  00 

.0135 

0.1 

0  30 

.0115 

91 

0 

31.00 

( 

0.1 

35.37 

700 

.0135 

0.1 

0  30 

.0115 

1 

39 

0 

30.95 

0.1 

35.30 

6  45 

.0135 

ai 

0  30 

.0115 

■ 

33 

0 

30.90 

1 

0.1 

35.30 

730 

.013 

0.1 

0  30 

.0115 

84 

0 
0.1 

30.65 
35.90 

After  an  intermission  of  about  4|  ho  irs. 

""736" 

.6135" 

"*ai* 

o'io' 

".oiii" 

35 

0 

30.78 

0.1 

35.00 

6  00 

.0135 

0.1 

0  30 

.0115 

36 

0 

30.63 

0.1 

35.00 

9  00 

.0135 

0.1 

030 

.  0115 

37 

0 

30.43 

. 

0.1 

34.85 

7  30 

.0135 

0.1 

0  30 

.0115 

1 

38 

0 

30.30 

0.1 

34.75 

6  10 

.0135 

0.1 

0  30 

.0115 

39 

0 

30.00 

0.1 

34.55 

6  45 

.0135 

0.1 

030 

.0115 

1 

30 

0 

39.95 

1 

•0.1 

34.40 

500 

.0135 

0.1 

0  30 

.0115 

31 

0 

99.95 

After  standing  IS  hours. 

0.1 

34.45 

"i'so' 

.0135" 

"h'.'\ 

o'so' 

."oils* 

38 

0 

39.45 

0.1 

34.10 

5  10 

.0135 

0.1 

030 

.018 

33 

0 

99.05 

0.1 

33.64 

6  90 

.0135 

0.1 

030 

.018- 

1 
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Table  31. — Experiment  to  determine  the  reaisiancet  4'c-t  ^J  ^  gun-wire  draxon  from  orucihle 
oast-9teel  man^f€ustt^red  by  the  Atlantic  SteeUIVorka — Continued. 


1 

Torsion  to  the  left 

Torsion  to  the  right. 

a 

g 

s 

^      1 

s 

0 

a 

s 

s 

rain  required  1  foo 
from  center. 

e 

a 

S 

1 

o 

which  torsi 
prodaoed. 

0 
"5 

which  torsi 
prodaced. 

1 

i  part 
tarn. 

s 

.  part 
tnm. 

• 

Remarks. 

1 

a 

r 

e 
a 

1 

1' 

;S 

« 

;z: 

Q 

QQ 

s 

Pt 

Q 

H 

Lb9. 

«».«. 

Tuma, 

m.«. 

Jhirnt. 

34 

0 

sa64 

0.1 

33L90 

505 

.0135 

0.1 

030 

.019 

35 

0 

S&OO 

0.1 

33.75 

6  45 

.0135 

0.1 

030 

.019- 

36 

0 

S7.50 

0.1 

32.30 

800 

.0135 

0.1 

030 

.019- 

37 

0 

98.97 

0.1 

31.95 

9  45 

.014 

0.1 

030 

.019 

38 

0 

96.45 

ai 

31.50 

930 

.035 

0.1 

030 

.019 

*                                                                                           * 

39 

0 

85.70 

0.1 

3a  79 

600 

.0135 

0.1 

030 

.019 

40 

0 

SS.05 

0.1 

30.15 

900 

.0135 

0.1 

0  30 

.019 

41 

0 

S4.15 

ai 

99.75 

830 

.014 

0.1 

0  30 

.019 

42 

0 

93.35 

Ma^ 

0.1 

29.08 

830 

.014 

0.1 

030 

.019 

A  oraok  discovered,  chiefly  longitadlnal, 

43 

0 
0.1 

92.60 
2&35 

6  00 

.014 

ai 

030 

.019- 

and  partly  obllqady  transrerse. 

44 

0 

21.65 

1 

0.1 

97.55 

6  90 

.014 

0.1 

030 

.019- 

45 

0 

90.50 

0.1 

96.92 

6  00 

.0145 

0.1 

0  30 

.019 

!   M 

0 
0.1 

19.50 
96.95 

After  intermission  of  1  hoar. 

A  load  "  tick"  heard ;  crack  enlarged. 

1 

*"8*36' 

".'oii" 

"o.*i* 

o'so' 

.'6125' 

47 

0 

18.95 

Ruptnre  extended  to  a^oining  side. 

0.1 

95.30 

'"'i'oo* 

'.'6145"* 

"ai* 

0*30' 

Voii'"* 

48 

0 

16.60 

Each  of  the  sides  shows  rapture. 

ai 

92.83 

"Voo" 

."oii"'" 

"6."i* 

o'so* 

Vois"'" 

49 

0 

13.60 

0.1 

15.60 

0  30 

.060 

(Broke.) 
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Table  32.'-Experiment  to  dtiennine  the  remHtanceielastiaitihand  endurance  under  reversed 
torsionn  of  a  gun- wire  drawn  from  crucible  cast-ateel  manufactured  by  James  B,  Thomp- 
6on  if  Co, 

[Mark,  T  co  5;  size,  0".301  x  0".302.— Experiment  Ifo.  186 


m 

P 

o 

s 

1 

«> 

Vi 

o 

Torsion  to  the  left. 

Torsion  to  the  right. 

Bemarka. 

part  of  one 
turn. 

;raiii  required  1  foot 
from  center. 

which  torsion 
produui'd. 

i 

[  part  of  one 
turn. 

which  torsion 
produced. 

i 

.a 
S 

0 

"3 
S 

1 

■28 
I* 

a 

ef 

1 

a  « 

—  CB 

■•4 

1 
1 

^ 

Q 

CA 

H 

« 

Pi 

H 
m.  «. 

p? 

Lbi. 

m.  s. 

XSimt. 

Turns. 

1 

0.1 

42.65 

7  00 

.018 

0.1 

1  00 

.  017- 

Specimen  annealed  at  a  heat  between  the 

3 

0 
0.1 

33.95 
45.60 

800 

.0185 

0.1 

0  30 

.017- 

melting  points  of  bronse  and  copper. 

3 

0 

33.00 

Length,  1  inch. 

4 

0.1 

0 

0.1 

45.60 
33.67 
45.60 

10  00 

.019 

0.1 

0  45 

:017- 

Saoh  retain  to  the  extreme  of  left-hand 

9  30 

.019 

0.1 

0  30 

.017- 

torsion  waa  made  with  sufficient  allow- 

5 

0 
0.1 

38.63 
45.50 

8  00 

.019 

0.1 

0  30 

.017- 

ance  of  time  to  obtain  very  nearly  the 

6 

0 

32.80 

whole  extent  of  torsion  that  wonld  re- 

7 

0.1 
0 

4.'i.5<l 
32.60 

7  30 

.019 

0.1 

0  30 

.017- 

1 

0.1 

45.10 

7  30 

.019 

0.1 

0  30 

.017- 

jriven. 

0 
0.1 

32.27 
44.65 

After  iutermissioo  of  1  hoar. 

"7  66 

".'019" 

'*o.'i' 

6*30" 

.6175' 

9 

0 

33.00 

1 

0.1 

44.12 

6  30 

.019 

0.1 

0  30 

.017- 

1 

10 

0 

31.50 

0.1 

43.61 

8  00 

.019 

0.1 

0  30 

.017- 

11 

0 

30.60 

0.1 

42.80 

730 

.019 

0.1 

0  30 

.0165 

12 

0 

30.00 

0.1 

42.40 

700 

.019 

0.1 

030 

.017- 

1 

13 

0 

29.25 

0.1 

41.56 

6  30 

.019 

0.1 

0  30 

.017- 

14 

0 

28.  5.^ 

0.1 

40.85 

7  00 

.019 

0.1 

030 

.017— 

15 

0 

28.05 

0.1 

40.15 

6  00 

.019 

01 

0  30 

.017- 

. 

16 

0 

27.50 

0.1 

3P.80 

6  00 

.0185 

0.1 

0  30 

.017- 

' 

17 

d 

36.98 

0.1 

39.20 

6  30 

.019 

0.1 

0  30 

.0165 

1 

18 

0 

26.50- 

1 

0.1 

38.60 

6  00 

.019 

0.1 

0  30 

.016- 

19 

0 

25.90 

1 

0.1 

38.25 

5  30 

.019 

0.1 

0  30 

.0165 

1 
1 

20 

0 

2.'i.50 

1 

0.1 

37.50 

5  30 

.019 

0.1 

030 

81 

0 

25.00 

» 

• 

0.1 

37.12 

4  40 

.019 

0.1 

0  30 

.017- 

88 

0 

24.25 

1 

0.1 

36.20 

4  30 

.019 

0.1 

0  30 

.017- 

1 

83 

0 

2:).  40 

1 
1 

0.1 

3.'>.50 

5  00 

.019 

0.1 

030 

.017- 

Cracking  soand ;  a  femnll  split  is  found.      | 

84 

0 

22.51 

0.1 

.34.60 

4  00 

.019 

0.1 

0  20     .  017— 

85 

0 

21.70 

0.1 

33.85 

400 

.019 

0.1 

0  40 

.017- 

86 

0 

20.93 

0.1 

33.25 

3  40 

.0195 

0.1 

0  30 

.017- 

87 

0 

20.30 

0.1 

32.40 

4  00 

.019 

0.1 

0  30 

.017- 

1 

84 

0 

19.50 

1 

0.1 

31.80 

3  45 

.019 

0.1 

0  30 

.017- 

, 

89 

0 

18.70 

1 

0.1 

30.95 

4  00 

.019 

0.1 

0  30 

.017- 

1 

30 

0 

17.90 

1 

« 

0.1 

30.00 

3C0 

.0195 

0.1 

0  30 

.017- 

31 

0 

17.00 

0.1 

29.20 

3  30 

.019 

0.1 

0  30 

.017- 

32 

0 

16.10 

, 

0.1 

28.40 

3  10 

.020 

0.1 

0  30 

.0175 

I 
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Tablk  32. — Experiment  to  determine  the  resiBtaticej  ^fo.,  of  a  gun-inre  drawn  from  crucible 
oast  Bteel  man^factHred  by  Jamea  B.  Thompson  4'  Co. — Continaed. 


Torsion  to  the  left. 


§1 

■3 

1  1 

1 

1 1 

1 

1  ^ 

a 

■  ^ 

q 

« 

Lb9. 

1  ^ 

0 

lS.i» 

0.1 

27.55 

'   34 

0 

14.50 

1 

ai 

26.70 

,   35 

0 

i:i.90 

1 

0.1 

26.05 

38 

0 

13.15 

0.1 

25.25 

1   " 

0 

12.50 

ai 

24.50 

38 

0 

11.81 

0.1 

23.50 

38 

0 

11.  UO 

0.1 

23.30 

40,     0 

'  10.00 

41 

* 

a 

o 

h 
II 


m.  §. 

i  00 
4  00 
4  10 
400 
300 
3  30 
3  00 


S 

3 


.020 
.020 
.021 
.021 
.021 
.021 
.021 


Torsion  to  the  right. 


o 

a 
o 


S 


0.1 
0.1 

ai 

0.1 
0.1 

ai 

0.1 

0.1 


a 
o 

st 


m.  i. 

0  30 

0  3P 

030 

0  30 

0  30 

0  30 

0  30 
0  30 


& 


Turns. 

.018- 

.018- 

.018- 

.018- 

.018- 

.018- 

.0175 
.Oil- 


Remarks. 


Did  not  raise  20  ponnds. 
Broke  withoat  noise. 


*  Less  than  1  posnd. 


21  o 
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Table  33. — Experiment  to  determine  the  reeUtance,  elasticity,  and  endurance  under  rerencd 
tortions  of  a  gun-wire  drawn  from  chrome  steel  manujactured  hy  the  Chrome  Steel  Company. 


[Mark.CS  oo5; 

size.  0^'.2949 

X  0".8969.- Experiment  No.  1364.] 

1 

loraion  to  the  left. 

Torsion  to  the  right 

§ 

9 

a 

1 

§ 

9 

a 

0 

• 

? 

o 

^C 

li 

0 

?  . 

"E 

o 

to 

Is 

D  9 

i 

1^ 

II 

« 
0 

Remarks. 
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-a 

a 

II 

-2 

g 

■3 
3 

a 

J9 

}Z3 

1 

GQ 

s 

H 

fii 

l_ 

9 

Lbt. 

m.t. 

Turn*. 

m.«. 

Tumt. 

1 

0. 1 

0 

O.l 

29.70 
89.50 
35.40 

8  00 

.018- 

0.1 

0  30 

.0115 

Specimen  annealed  at  a  heat  between  the 

S  30 

.013 

0.1 

0  30 

.011- 

roelting-pointa  of  bronze  and  copper. 

3 

0 

o.l 

89.90 
35.90 

6  30 

.0135 

0.1 

0  30 

.0115 

liOngth,  1  inch. 

i 

0 
0.1 

30.00 
36.30 

6  30 

.013 

o.l 

0  30 

.  0115 

Bach  return  to  the  extreme  of  left-band 

5 

0 

89.91 

torsion  was  made  with  sufficient  allow- 

6 

0.1 
0 

36.40 
39.98 

6  20 

.013 

0.1 

0  30 

.018- 

ance  of  time  to  obtain  verj  nearly  the 

7 

0.1 

0 

0.1 

36.25 
39.95 
36.40 

700 

.0135 

0.1 

0  30 

.018- 

whole  extent  of  torsion  that  would  recolt 

700 

.0135- 

0.1 

0  30 

.0135 

from  the  oontinnanceof  the  strain  gireo. 

8 

0 

30.90 

0.1 

37.80 

9  00 

.0135 

o.l 

030 

.0115 

After  Intermission  of  one  day  and  two 

9 

0 

30.40 

•      ft_  A 

0.1 

36.90 

8  10 

.0135 

0.1 

0  30 

.019- 

nights. 

10 

0 

30.10 

• 

o.l 

36.67 

8  30 

.0135 

0.1 

0  30 

I.OIS- 

11 

0 

30.07 

0.1 

36.60 

6  30 

.0135 

0.1 

0  30 

.013- 

IS 

0 

30.07 

0.1 

36.  M 

7  15 

.0135 

0.1 

0  30 

.018- 

13 

0 

89.70 

o.l 

36.42 

7  00 

.0135 

0.1 

0  30     .  018- 

14 

0 

39.50 

0.1 

36.00 

9  00 

.0135 

0.1 

0  30     .  018- 

15 

0 

89.70 

0.1 

'M.05 

10  00 

.0135 

0.1 

0  30  '  .  019- 

16 

0 

89.07 

4 

0.1 

35.90 

6  85 

.0135 

0.1 

0  30  1  .  018- 

17 

0 

28.  72 

• 

o.l 

1    35.47 

6  00 

.014 

0.1 

0  30 

.018 

18 

0 

2f>.25 

0.1 

3.5.20 

4  10 

.013 

0.1 

0  30 

.018 

19 

0 

27.75 

' 

« 

0.1 

34.70 

4  00 

.0135 

0.1 

0  30     .013 

80 

0 

87.05, 

1 

After  intermission  of  one  night. 

o.l 

34.05 

"506 

.6135' 

o.'i 

O'SO     .013- 

91 

0 

86.6.S 

0.1 

33.75 

3  00 

.014 

0.1 

0  30  .  .  013- 

32 

0 

35.5(j 

1 

0.1 

.32.75 

4  80 

.015 

0.1 

0  30     .013 

S3 

0 

34.15 

. 

0.1 

31.  55 

13  00 

.015 

0.1 

0  30     .013- 

24 

0 

3-^65 

0.1 

30.00 

4  00 

.015 

0.1 

0  30 

.013- 

S5 

0 

80.25 

Cracked  badly. 

0.  1 

84.50 

'3  66 

.'6135* 

"'6."i 

i  66     .0075 

.* 

86 

-ooe.'j 

0 

4..'f0 
1.32 

1 

0.05 

4.13 

Broke. 

^ . 
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Tabls  34. — Experiment  to  determine  the  reeiatancey  elasiicift/t  and  endurance  under  revereed 
.  tondoneof  a  gun-wire  drawn  from  crucible  cant  eteel  manufactured  by  Benjamin  Atha^fCo. 

[Mark,  N  S  co  4  ;  siae,  0".9tl76  x  0".2973.— Experiment  No.  Ise.'S.l 


TonioD  to  the  left. 


IToraion  to  the  right. 


4 
5 
6 

7  ' 

8  ' 
9 

10, 

11  I 

19  i 

13  ' 

14 

15 

16 

17  1 

18 

19 

80 

21 

33 

33  I 

34  ■ 
35i 
96 
27  ' 
28 
89 
30 
31 
33 
33 


0.1 

0 
0.1 

0 
0.1 

0 
0.1  I 

0    I 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
O.l 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.  1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.  1 

0 

0.1 : 

0 
0.1 

0 
0.  1 

0 

0.1 : 

0 

o.l 

0 

0.1 
0 

o.l 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 


Lh9. 

20.00 

•2*42.60 

26.13 

23.50 

2(5.70 

23.60 

26.^0 

23.66 

26.90 

24  20 

27.67 

24.06 

27.45 

24.00 

27.40 

23.75 

27.25 

23.  aj 

27.30 
2:180 
27.30 
2:i.80 
27.  32 
23.65 
27.10 
2:i73 
27.41) 
2:160 
27.25 

23.60  : 
27. -n 

9a  58*1 

27.25 

2:1.51 

27.15 

23.53 

27.20 

23.40 

27.17 

2.1.40 

27.17 

23.  H5 

27.:jh 

23.37 
27.25 
23.30 
27.  15 
23.13 
27.00 
2:1.00 
26.  65 
22  87 
26.70 
22.70 
26.55 
22.60 
26.50 
22.  45 
26.35 
22.25 
26.  10 
22.00 
2.5.90 
21.77 
2Sk75 


5  30 

4  30 

13  00 

14  00 
7  15 
9  00 

6  00 
13  00 
13  00 
10  50 

9  30 

19  00 

9  10 

9  IS 

10  30 
13  00 

11  30 

12  00 

7  00 

6  00 
11  00 
11  00 
10  00 
10  00 

13  30 

8  00 
10  00 

7  30 

5  15 

6  00 

5  15 

6  00 


Tuma. 
.0165 

.010 

.011 

.011 

.011 

.0115 

.0115 

.011 

.019 

.0115 

.0115 

.013 

.0115 

.013 

.012- 

.012- 

.013 

.012 

.019 

.0115 

.013 

.013 

.013 

.013 

.0115 

.0115 

.0115 

.0120 

.012- 

.0115 

.013 

.013 

.013 


Decimal  part  of  one 
turn. 

§ 

n 

.ss 

§^ 

H 
m.  i. 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0.1 

0  30 

0.1 

0  .10 

0.1 

0  30 

0.1 

0  30 

0.1 

0  50 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

o.l 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

0  30 

0.1 

030 

9 


Turns. 
.008- 

.009- 

.009 

.009 

.0095* 

.0095 

.0095 

.000 

.0095 

.0095 

.0095 

.010- 

.010- 

.0095 

.010 

.0095 

.0095 

.0095 

.010- 

.0095 

.0095* 

.0095 

.0095 

.009& 

.0095 

.010- 

.010- 

.010- 

.010- 

.010- 

.010- 

.010- 

.010- 


Bemarka. 


Specimen  annealed  at  a  heat  between  the 
melting«point8  of  bronse  and  copper. 

liOngth,  1  inoh. 

Bach  retam  to  the  extreme  of  left-hand 
torsion  was  made  with  safficient  allow- 
ance of  time  to  obtain  very  nearly  the 
whole  extent  of  torsion  that  would  re- 
sult from  the  continuance  of  the  strain 
given. 


*  After  LAermLsaion  of  about  15  hoars. 
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Table  24,— Experiment  to  determine  the  reeht^nee,  ^.,  of  a  gun-tvire  drawn  from  arucihU 
oaet  steel  manufactured  by  Benjamin  Atha  f  Co, — Continned. 


■ 

g 
1 

"S. 

p. 

« 

is 
a 

B 

34 

Torsion  to  the  left. 

Torsion  to  the  right. 

1 

Remarks. 

• 

Decimal  part  of  one 
turn. 

Strain  required  1  foot 
from  center. 

Time  in  which  torsion 
was  produced. 

i 

a 
o 

Decimal  part  of  one 
turn. 

a 
o 

|1 

is. 
H 

• 

s 

0 

Lb9. 
21. 58 

m.  9. 

Tum». 

m. «. 

Tuma. 

( 

35 

0.1 
0 

2J.60 
21.40 

7  30 

.0115 

0.1 

0  30 

« 

.0095 

36 

0.1 
0 

25.  40 
21.  15 

5  10 

.012 

0.1 

0  30 

.010- 

37 

0.1 
0 

25.  13 
20.90 

7  00 

.013 

0.1 

0  30 

.010- 

1 
1 

38 

0.1 
0 

24. 95 
20.75 

5  00 

.019 

0.1 

0  30 

.010- 

1 

39 

0.1 
0 

24.65 
20.40 

5  15 

.012 

0.1 

0  30 

.010- 

40 

0. 1 
0 

24.  44 
20.2tf 

6  00 

.019 

0.1 

0  30 

.010 

41 

0.1 
0 

24.  42 
20.00 

830 

.012 

0.1 

0  30 

.010 

1 

42 

0.1 
0 

21.88 
19.  65 

5  15 

.012- 

0.1 

0  30 

.010- 

43 

0.1 
0 

24.00 
19.42 

7  00 

.012- 

0.1 

0  30 

.010— 

1 

44 

0.1 
0 

23.45 
19.10 

6  10 

.019- 

0.1 

030 

.010- 

' 

45 

0.1 
0 

2;).  .50 

ia88 

7  00 

.012- 

0.1 

0  30 

.010- 

46 

0.1 
0 

2:1.00 
18. 65 

5  00 

.012- 

0.1 

0  30 

.010- 

1 

1 

1 

47 

0.1 
0 

22.90 
18.45 

9  00 

.019- 

0.1 

0.30 

.010- 

1 

48 

0.1 
0 

22.65 
18.07 

6  10 

.012 

0.1 

0  30 

.010- 

49 

0.1 
0 

22.15 
17.85 

7  30 

.019 

0.1 

030 

.0105 

SO 

0.1 
0 

21.  97 
17.60 

5  00 

.012 

0.1 

0  30 

.010- 

% 

51 

0.1 
0 

21.  8-2 
17.  35 

6  00 

.012 

0.1 

0  30 

.0105 

52 

0.1 
0 

21.65 
17.35 

6  40 

.019 

0.1 

0  30 

.011- 

• 

Afler  standing  orer  ntght.                          ' 

1 

53 

0.1 
0 

21.  62 
16. 95 

7  00 

.013 

0.1 

0  30 

.011- 

1 

54 

0.1 
0 

21. :» 
16.70 

8  10 

.0125 

0.1 

0  30 

.011- 

1 

55 

0.1 
0 

20.95 
16.40 

620 

.0125 

0.1 

0  30 

.011- 

1 

56 

0.1 
0 

20.70 
16.10 

5  30 

.0125 

0.1 

0  30 

.011- 

' 

57 

0.1 
0 

20.30 
15.  75 

3  15 

.013- 

0.1 

0  30 

.011- 

58 

0.1 
0 

20.  15 
15. 55 

3  15 

.0125 

0.1 

0  30 

.011- 

59 

0.1 
0 

19.90 
15.80 

5  00 

.013 

0.1 

030 

.0105 

1 
1 

60 

0.1 
0 

19.70 
14.  9! 

5  10 

.013 

0.1 

0  30 

.011- 

1 

61 

0.1 
0 

19.30 
14.62 

4  00 

.013- 

0.1 

0  30 

.011- 

62 

0.1 
0 

19.25 
14.  45 

4  00 

.013- 

0.1 

0  30 

.011- 

63 

0. 1 
0 

18.  95 
14.17 

3  30 

.0195 

0.1 

0  30 

.011- 

64 

0.1 
0 

18.55 
13.95 

6  00 

.013- 

0.1 

030 

.011- 

1 
1 

65 

0.1 
0 

18.45 
13.75 

6  00 

.013- 

0.1 

0  30 

.011- 

66 

0.1 
0 

18  12 
13.50 

4  00 

.013- 

0.1 

0  30 

.011- 

0.1 

17.95 

500 

.0135 

0.1 

030 

.011- 

1 
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Table  34. 


-Experiment  to  deter/nine  the  resintance,  4-0.,  of  a  gun-wire  drawn  from  crudbU 
cast  steel  manufactured  hy  Benjamin  Atha  4-  Co.— Continued. 


• 

1 

TorsioQ  to  tlie  left. 

Torvion  to  the  right. 

9 

a 
0 

0 

•0  • 

8 

1 

0 

§ 

^ii. 
0 

§ 

h 

0. 

c 

I  part 
tnrn. 

equire 
m  ceui 

i 

which 
prodm 

i 

Bemarks. 

0 

sS 

«-  P 

■5i 
m.  «. 

s 

"S 

c  « 

a 

a 

3 

S5 

a 

1 

0 

1 

s 

•pa 

•^  es 

I"" 

H 
m.g. 

3 
1 

.* 

Lb». 

Tumt. 

Turns. 

67 

0 

13.25 

ai 

17.80 

5  00 

.0135 

0.1 

0  30 

.0115 

68 

0 

13.30 

1 
69 

0.1 
0 

18.00 
13.00 

7  00 

.0i:J5 

0.1 

030 

.0115 

After  standing  over  night. 

0.1 

17.  6-2 

3  30 

.0135 

0.1 

0  30 

.0115 

70 

0 

1-2.  75 

0.1 

17. 25 

5  00  !  .0135 

0.1 

0  30 

.0115 

71 

0 

12.45 

0.1 

17.  05 

S  30 

.0135 

0.1 

0  30 

.0115 

72 

0 

12.35 

0.  t 

16.85 

500 

.0135 

0.1 

0  30 

.0115 

73 

0 

12.  15 

^ 

0.! 

16.80 

5  20 

.0133 

0.1 

0  30 

.0115 

74 

0 

11.95 

0.1 

16.  56 

500 

.0135 

0.1 

0  30 

.0115 

75 

0 

11.82 

0.1 

16.30 

5  00 

.0135 

0.1 

030 

.019— 

76 

0 

11.62 

0.1 

16.00 

4  00 

.0135 

0.1 

0  30 

.012— 

77 

0 

11.40 

0.1 

15.95 

5  00 

.0135 

0.1 

030 

.019- 

78 

0 

11.30 

0.1 

15.78 

4  00 

.0135 

0.1 

0  30 

.012- 

79 

0 

11.  10 

0.1 

15.63 

3  30 

.014  - 

0.1 

030 

.019- 

80 

0 

10.90 

0.1 

15.  .52 

3  00 

.0135 

0.1 

0  30 

.019- 

81 

0 

10.85 

0.1 

\Ti.  40 

5  30 

.0135 

0.1 

0  30 

.0195 

82 

0 

10.65 

0.1 

1.5.  15 

4  45 

.0135 

0.1 

030 

.0125 

• 

83 

0 

10.  .">5 

0.1 

14.  W7 

5  00 

.0135 

0.1 

0  30 

.  0125 

*    84 

0 

10.40 

0.1 

14.90 

4  00 

.0135 

0.1 

0  30 

.013- 

85 

0 

10.15 

• 

0.1 

14.72 

3  30 

.0135 

0.1 

0  30 

.013- 

M 

0 

10. 05 

0.1 

14.  .58 

5  15 

.014 

0.1 

0  30 

.013- 

87 

0 

10.00 

0.1 

14.55 

4  00 

.0135 

0.1 

0  30 

.013- 

88 

0 

M.eiS 

89 

0.1015 
0 

14.42 
9.94 

4  00 

.014 

0.1 

0  30 

.0135 

Torsion  accidentally  .0015  too  far. 

1 

0.1 

14.47 

7  00 

.014 

0.1 

0  30 

.  013- 

'    90 

0 

9.57 

' 

0.1 

14.19 

4  00 

.0135 

0.1 

0  30 

.013- 

91 

0 

9.70 

After  interiniRflion  of  nlmnt  20  hon 
Began  to  craclc,  piobably  at  this  tu 

99 

0.1 
0 

14.22 
9.38 

"e'w 

.'615'*" 

'6.'i 

6*36 

Vois- 

ai 

13.90 

4  00 

.0145 

0.1 

030 

.0135 

93 

0 

9.20 

0.1 

13.88 

530 

.015 

0.1 

0  30 

.013- 

94 

0 

9.10 

0.1 

13.70 

6  00 

.0155 

0.1 

0  30 

.013— 

95 

0 

8.94 

After  intermission  of  one  night. 

0.1 

lass 

"i  66 

.014"" 

'6*i 

6'36 

.6135' 

96 

0 

8.90 

0.1 

13.60 

4  30 

.016 

0.1 

0  30 

.013- 

97 

0 

a  75 

...       ... 

...... 

Crack  visibly  enlarged. 

0.1 

13.  45 

*5  30 

.0155 

0.1 

63c 

.0135 

98 

0 

a  55 

0.1 

1.^20 

5  20 

.015 

0.1 

0  30 

.0135 

1    ^ 

0 

a  45 

1 

0.1 

13.18 

8  30 

.0145 

0.1 

0  30 

.0135 
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Tadlb  3A.—  Expaimfpl  to  drtfrmine  tht  rtthtanor.  f«..  of  a  gun-mn  iranrn  from  mnaii 
eoit  itttl  manufactured  by  Benjamin  JIha  4"  Co.— Con  tinned. 


Toralon  to  the  riRht 

Remirkt. 

1 

■s 

tl 

1 

1 

1 

it 

35 

i 

1 

•b 

li 
f 

1 

1 

11 

i 
1 

1 

Lb: 

si.w 
ao.» 

Sg 

so.  40 
8*90 

ii.eo 

irss 
91.  as 

liss 

19.  M 
is!  3D 

IRM 

n.9s 

T30 
5  to 

SOD 

600 
830 
5  15 
700 

700 
500 
BOO 

eio 

5  00 

too 

6  40 
700 
8  10 
t  90 
530 

500 
5  10 
400 
400 

too 

BOO 

soo 

nmu, 

.oia 

.011- 

.oias 

.013- 

.OlSJ 

,013- 
.013- 

.013- 

0.1 

0.1 

0.1 
0.1 

■ 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

:; 

0.1 

ai 

0.1 
0.1 
0.1 
0.1 

7m 

030 

030 

030 
030 

030 

030 

D30 
030 
0  Ml 
0  30 
030 
030 
030 
030 
030 

«30 

OX 

030 

.0005 

.010- 
.010- 

.010- 

.010- 

.010- 

.0105 

.011- 

.011- 
.011- 

.011- 

,011- 
.011— 

Alter  atandlngoTST  Bight. 
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TonioDiollielBrt. 

To«lontoth«rl(hl. 

RemiTka. 

1 

1 
•s 
i| 

! 

0.1 

0 

DA 
fl.  1 

1^ 
f 

S 

■?„ 

3 
1, 

S30 

soo 

500 

soo 
i  00 
soo 

300 
5  30 

i 

1 

Turn,. 

,0I& 
.0135 

.OlM 

.014  - 

i 

U 
1 

1 

ii 

n 

1 

■n 
■n 

TS 

re 

19 

1   » 

i;i  as 

10.  M 

030 

030 

030 
0» 
0  30 
030 

030 
OX 
030 
030 
030 

.Oils 

.oils 

,0115 

.oia- 
.oia- 

.0I«- 

.ois- 

-oia- 

Attoc  ituillDK  oTcr  ulgbl. 

«lden..lll-,0015toof«. 
on.'l..p>ob.bly»ll.l.>i.» 

crmlBBlon  oT  «iir  ii'ihl 
liblj  blUvbi-iI, 


326 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Table  34. — Experiment  to  det4}rmin^  the  reti$tancet  <fc.,  of  a  gun  wire  drawn  from  orudUe 
cast  steel  tnanufavtured  by  Benjamin  Atha  <f  Co, — Contiouea. 


i 

9 

Torsion  to  the  left 

Torsion  to  the  right. 

* 

-t* 

a 

o 

a 

5? 

§ 

J 

1. 

a 
o 

o 

•g . 

a 

«M 
O 

-    ^n 

Il 

'S 

H 

• 

"St 
•3 

ii 

•§2 
g*3 

which 
produc 

« 

S 

which 

• 

S 

Bemarks. 

a 

a 

-a 
a 

•«4 

r 

Lbs. 

•»-  CB 

fn.  8. 

a 

1 

-a 
a 

Time  in 
was 

a 

53 

Turnt. 

m.«. 

Tumt. 

100 

0 

8.30 

0.1 

13.00 

7  00 

.015 

0.1 

0  30 

.0135 

101 

0 

8.15 

0.1 

12.85 

500 

.015 

ai 

0  30 

.0135 

lOS 

0 

8.00 

0.1 

12.75 

4  00 

.015 

0.1 

030 

.0135 

103 

0 

7.85 

0.1 

12.60 

4  00 

.0155 

0.1 

0  30 

.0135 

104 

0 

7.68 

0.1 

12.40 

4  00 

.015 

0.1 

0  30 

.0135 

105 

0 

7.  55 

0.1 

13.33 

4  00 

.015 

0.1 

0  30 

.0135 

106 

0 

7.35 

s 

0.1 

12.15 

S-V) 

.015 

0.1 

0  30 

.014- 

107 

0 

7.-i0 

0.1 

11.90 

3  00 

.015 

0.1 

0  30 

.014- 

lOB 

0 

6  80 

0.1 

11.70 

3  00 

.015 

0.1 

0  30 

.0135 

109 

0 

6.65 

0.1 

11.53 

4  10 

.015 

0.1 

030 

.0135 

110 

0 

6.25 

. 

0.1 

11.27 

3  00 

.0145 

0.1 

0  30 

.0135 

111 

0 

5.95 

0.1 

11.05 

300 

.0135 

0.1 

0  30 

.014- 

US 

0 

5.63 

0.1 

10.77 

4  40 

.014 

0.1 

0  30 

.0135 

113 

0 

5.37 

0.1 

10.33 

4  10 

.0135 

0.1 

0  30 

.0135 

% 

lU 

0 

5.10 

A 

0.1 

9.95 

3  00 

.0135 

0.1 

0  30 

.013 

• 

115 

0 

4.85 

0.1 

9.70 

3  00- 

.  0135 

0.1 

0  30 

.0135 

116 

0 

4.63 

0.1 

9.30 

3  50 

.0135 

0.1 

0  30 

.0135 

117 

0 

4.35 

•0.1 

9.  iO 

300 

.0135 

0.1 

0  30 

.0135 

118 

0 

4.10 

0.1 

8.53 

2  00 

.0135 

Oil 

0  30 

.013- 

119 

0 

3.82 

0.1 

8.53 

3  00 

.0135 

0.1 

0  30 

.013- 

lao 

0 

3.62 

0.1 

(') 

3  10 

.013- 

0.1 

0  30 

.  013- 

After  standing  throngh  the  dinner-hoar. 

121 

u 

0.1 

3.30 
7.60 

3  no 

.0135 

0.1 

0  30 

.013- 

Would  not  raise  8  pounds. 

1S3 

0 

3.15 

0.1 

(,  90 

3  30 

.0135 

0.1 

0  30 

.0135 

123 

0 

2.88 

0.1 

6.61 

3  20 

.0135 

0.1 

0  30 

.0135 

124 

0 

2.65 

0.1 

6.37 

330 

.013 

0.1 

0  30 

.0185 

123 

0 

2.35 

0.1 

&05 

2  35 

.013 

0.1 

0  30 

.0135 

128 

0 

2.2H 

0.1 

5.81 

330 

.P13 

0.1 

0  30 

.0135 

127 

0 

2.  12 

0.1 

5.52 

3  00 

.0125 

0.1 

0  30 

.013- 

128 

0 

1.98 

0.1 

4.87 

255 

.019 

0.1 

0  30 

.0135 

129 

0 

1.77 

0. 1 

a  95 

3  30 

.0115 

0.1 

0  30 

.0135 

130 

0 

1.56 

0.1 

3.50 

4  00 

.011 

0.1 

0  30 

.012- 

131 

(*) 
3.20 

Would  not  raise  1.30  pounds. 

&  V  » 

Ql 

4  66 

.01  is" 

o.i 

o'so 

.  oii- 

*  Kot  taken. 
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Table  34. — Experiment  to  determine  Ike  reaisfancff  jfc,  of  a  gun-mre  drawn  from  crucible 
'oaei  eied  manufactured  by  Benjamin  Atha  4r  Co, — CoQtinued. 


a 
o 

a 

-s, 

(I 

•ii 
C 

U 
« 

a 


132 
133 

134 


TorBion  to  the  left. 

• 
A 

o 

«» 

c 

§ 

1 

o 

1  . 

^  . 

iM  .• 

g'd 

part  0 
turn. 

train  required 
from  centei 

which  ti 
produce 

i 

4 
1 

imeln 
was 

1 

Q 

OQ 

H 

.« 

JU». 

m.  «. 

2^m«. 

0 

0.87 

0.1 

3.23 

4  00 

.oia 

0 

0.30 

0.1 

1.58 

300 

.0085 

0 

0.14 

0.1 

1.35 

.    330 

.0185 

0.1^J 

1.50 

•••••••- 

Failed. 

0.964 

Parted. 

Torsion  to  the  right 

S         ° 

o 

.«4 

o 

s  . 

o 

Il 

t^d 

•§1 

tl 

i 

1 

1 

Time  in 
was 

m. «. 

Turfw. 

0.1 

030 

.008— 

0.1 

0  30 

.0075 

Remarks. 


Sustained  0.87  pound  a  few  momenta  and 
then  dropped. 


Turning  continnect 
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i 

1 

Toulon  to  the  lofl. 

Toretontotherigbt. 

1 

i 

i 

1 

1 

1 

•3 

3.| 

II 

.5  a 

1 

RemukL 

.014 

.014 
.014 
.013 

0.1 
0-1 

0.1 

0.1 
01 
0.1 

030 

030 

030 
030 

Tun,. 
.013- 

.oia- 

.013- 

.013- 

.013- 

.013- 
.013- 

.013- 

Specimen  uneaM  at  ■  beat  between  Uh 
■mltlngpoloU  of  bronue  and  copper.      | 
Length,  1  Ineh.                                               1 
Eaeh  ntnrn  to  the  eitnme  of  left-bud  i 
tor^on  wu  made  wllb  anfBelent  alkiv.  | 
anee  of  time  to  obt^n  tbtj  nearly  (lit , 
wbole  eiUnt  dT  torsion  that  wonld  re- 

given. 
Cr»ko>)   londly  Jd«  befon  holdinc  thlt 
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Tablk  36. — Experiment  to  determine  the  resistance,  elaftticity,  and  endurance  under  reversed 
torsions  of  a  gun-wire  drawn  from  Norivay  iron^  {Ht^iij)  furnished  by  Meshrs.  Xaylor  4'  Co. 


[Mark,  N  oo  1 

[;  eqnare;  size 

S  0".  2927  X  0".  2927.— Experiment  Xo.  1257.J 

!  1 

o 

h 
J 

8 

B 
1 

2 
3 

Torsion  to  the  left. 

Torsion  to  the  right. 

Decimal  part  of  one 
turn. 

Strain  required  1  foot 
Ironi  center. 

Time  in  which  torsion 
waa  produced. 

• 

s 
1 

§ 
1° 

-3 
S 

1 

n 

0.1 
0.1 
0.1 

ai 

0.1 

0.1 
0.1 
0.1 
0.1 

• 

h 

•aa 

H 

* 

1 

ff 

Bemarka.. 

• 

0.1 
0 

.120 
0 

ai 

0 
0.1 

0 
0.1 

0 

V 

0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

Lhg. 

14.20 

19.90 

2^.35 

2i.60 

24.35 

23.05 

24.25 

23.15 

24.27 

2-2. 70 

24.40 

22.30 

24.27 

21.80 

23.61 

21.20 

23.47 

21.70 

24.25 

(•) 
83.30 
19.50 
22.60 
18.75 
22.00 
18.10 
21.58 
17.55 
21.05 
16.95 
20.45 
16.35 
20.00 
15.80 
19. 25 

i5.:v> 

19.07 
14.87 
18.60 
14.40 

iai5 

13.96 
17.75 
13.70 
17.50 
13.35 
17.05 
12.85 
16.97 
12.55 
1&62 
12.18 
16.30 
12.00 
16.05 
11.75 
15  90 
11.48 
15.57 
11.20 
15.00 
11.00 
14.95 
10.83 
14.05 

t/i.t. 

•  •  •     •  •  • 

Turns. 
.006 

.009 

.091 

.0105 

.0105 

.011- 

.011 

.011 

.011— 

Turns. 

Specime'n  annealed  at  a  beat  between  the 
melting-poiuta  of  bronze  and  copper. 

Length,  I  inch. 

* 

Each  return  to  the  extreme  of  left-hand 

5 

torsion  was  made  with  sufficient  allow- 

6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
\7 
18 
19 
20 
81 
82 
23 
24 
25 
26 
27 

1    28 
29 
30 
31 
32 

anc^  of  time  to  obtain  ver}*^  nearly  the 
whole  extent  of  torsion  that  would  re- 
sult from  the  continuauce  of  the  strain 
given. 

Stopped  for  the  nisht. 
Kesuued  after  15  uours. 

.012 

.012 

.012- 

.012— 

.0125 

.0125 

.0125— 

.013 

.013 

.013 

.013 

.013 

.013 

.013 

.0135 

.01.15 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
Oil 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

■ 



A  eraek  might  probably  hare  been  disooT- 
ered  before  this. 

.0135 

.0135 

.0135 

.014- 

.014 

.014 

.014 

.014 

0.1 
0.1 
0.1 

ai 

0.1 
0.1 
0.1 
0.1 

•    •   •  ■         w   ■ 

33       0 

0.1 

, 

*  Kot  taken. 
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Table  36. — Experiment  to  determine  the  reeiatance,  ^c,  of  a  gnn-mre  drawn  frtnn  Norway 
iroUf  {H<^Sf)  furnished  by  Messrs,  Naylor  f  Co, — Continued. 


B 
O 

I 

"5. 
a 

OS 


a 


34 
35 
36 
37 
38 
39 
40 
41 
43 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 


Torsion  to  the  left 

Torsion  to  the  right. 

» 

Decimal  part  of  one 
turn. 

• 
Strain  required  1  foot 
from  center. 

Time  in  which  torsion 
was  produced. 

• 

a 

Decimal  part  of  one 
turn. 

Time  in  which  torsion 
was  produced. 

« 

i 
1 

-a 

Bemarka. 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
O.l 

0 

ai 

0 

ai 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

Lbs. 

lO.fiS 

14.60 

10.40 

14.48 

10.30 

14.00 

10.00 

14.00 

9.95 
13.75 

9.85 
13.  62 

9.55 
13.33 

9.45 
13.30 

9.35 
13.20 

9.20 
12.95 

9.00 
12.75 

8.89 
12.67 

8.75 
12.  33 

8.72 
12.55 

8.60 
13.40 

8.50 
13.40 

8.40 
13.00 

8.30 
11.90 

8.10 
11.84 

aoo 

11.65 

8.15 
11.80 

7.8-2 
11.63 

7.80 
11.50 

7.70 
11.00 

7.60 
11.00 

7.47 
11.00 

7.35 
10. 93 

7.25 
10. 92 

7.23 
10.80 

7.20 
10.70 

7.50 
11.25 

7.20 
10.83 

7.10 
10.83 

ta.«. 

Turns. 

.014 

.014— 

.014 

.014 

,014— 

0.1 
0.1 
0.1 
0.1 
0.1 

m.«. 

Turns. 

• 

• 

•   «   «  A^   ■ 



Badly  cracked. 

.0145 

.0145 

.015 

.015 

.015 

.015 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

. 

Slopped  at  dinner  hour. 

Besumed  after  1  hour's  intermiasioa. 

'  *  •     •  ■  * 

.015 

.015 

.015- 

.015- 

.015- 

.015- 

.015- 

.015- 

.015 

.015 

.015- 

.015- 

.  015— 

.016 

.016 

.016 

.016 

.016 

.016- 

.016- 

.016- 

.016 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

• 

1 

1 



. 

0.1 

0.1 
0.1 

1 

*  Not  taken. 
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Table  36. — Experiment  to  determine  the  reaiatanoc,  ffc,  of  a  gun-wire  drawn  from  Norway 
trow,  (H^Sf)  furnished  by  Messrs.  Nay  lor  4'  Co. — CuntiDued. 


1 

1 

Torsion  to  the  left 

Torsion  to  the  right. 

* 

a 

o 

1 

c 

1 

§ 

1. 

;2 

'S 

■v4    4? 

•s 

which  toi 
produced 

of  app 

ii 

II 

i 

Ii 

« 

S 

Remarks. 

• 

e 

s 

"3 
B 

u 
1 

cc 

.•4 

H 

a 
« 

1 

■a  • 
a 

1 

1 

Turns. 

. 

Lbs, 

m.«. 

Turns. 

»/!.•." 

67 

0 

(*) 

68 

ai 

0 

10.60 
6. 89 

.0165 

0.1 

69 

0.1 
0 

10.55 
6.78 

.0165 

0.1 

70 

0.1 
0 

10.35 
6.70 

.0165 

0.1 

0.1 

10.  G5 

.0165 

0.1 

«■*•■* 

71 

u 

0.1 
0 

6:65 

10.35 

6..V) 

.0165 

0.1 

7S 

L 

0.1 
0 

10.00. 
6.47 

.0165 

0.1 

73 

74 

0.1 
0 

10.10 
&38 

.0165- 

0.1 

• 

75 

0.1 
0 

10.03 
6.38 

.0165- 

0.1 

0.1 

9.  06 

.  0165- 

0.1 

76 

0 

6.30 

0.1 

9.77 

.0165 

0.1 



77 

0 

6.30 

78 

0.1 
0 

9.75 
6.00 

.0165- 

0.1 

79 

0.1 
0 

9.60 
6.10 

■  ••••••• 

.0165 

0.1 

■ 

0.1 

9.58 

.  01«5- 

ai 

'    80 

0 

6.05 

0.1 
0 

9.55 
5u90 

.0165- 

0.1 

N 

81 

I 

0.1 
0 

9.50 
5.90 

.0165- 

ai 

83 

• 

•1  0.1 

9.19 
5.98 

.0165- 

0.1 

83 

0 

. 

64 

0.1 
0 

9.55 
5.80 

.0165- 

0.1 

85 

0.1 
0 

9.33 
6  80 

.017- 

0.1 

0.1 

9.85 

.017— 

0.1 

86 

0 
0.1 

5.68 
9.00 

.017— 

0.1 

• 

87 

0 

n.  1 

5.65 

8.(38 

5.5r> 

.017- 

0.1 

88  i    0 

89 

0.1 
0 

9.00 
5.50 

.017- 

0.1 

» 

90 

0.1 
0 

9.00 
5.95 

.  017- 

0.1 

After  standing  over  one  day. 

91 

0.1 
0 

9.75 

5.  7H 

.019 

0.1 

After  standing  one  hour. 

0.1 
0 

9.  HI 
5.63 

0.1 

98 

0.1 

9.43 

.018 

0.1 

>••••. 

93 

0 
0. 113 

9.35 

0.1 

Torsion  carried  by  mistake  to  0.1  IS. 

94 

0 

5.40 

95 

0.1 
0 

0.1 

5  40 

0.1 

8.33 

.017 

0.1 

96 

0 

5.35 

97 

0.1 
0 

H.37 
5.»» 

.0185 

0.1 

:o.i 

8.39 

.0185 

0.1 

After  standing  through  the  dinner-hoar 

98 

0 

5  30 

93 

0.1 
0 

a  30 
5.10 

.018 

o.r 

0.1 

8.13 

■  •  •  *  ■  «  • 

.018 

0.1 

*  Not  Uken. 
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— Experiment  to  determine  the  resinlance,  tf*c.,o/a  gun-icire  draion  from  Nontay 
iron  {E£^S)/arnfiihed  by  Meaara,  Naylor  4-  Co. — Cuutiuned. 


a 
o 

flB 


Torsion  to  the  left. 


a 
o 

«M 

9 


ta 


B 

a 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
IIR 
116 
117 
116 
119 
190 
121 
122 
123 
124 
125 
126 
127 
128 
129 

130  I 

131  . 


73 

a 


132 


0 
0.1 

0 
0.1 

0 
0.1 

0 
0.  I 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
•lI 

0 
0.1 

0 
0.1 

0 
i    0.1 

0 
0.1 


t  a 

I 

CO 


Lbs. 
5.O1) 
8.18 
5.00 
&13 
4.95 
a2S 
4.90 
8.05 
4.90 
8.00 
4.85 
7.87 
4.83 
8.00 
4.75 
7.93 
4.72 
7.93 
4.64 
7.90 
4.58 
7.84 
4.50 
7.82 
4.50 
7.85 
4.56 
7.80 
4.45 
7.80 
4.47 
7.65 
4.40 
7.65 
4.43 
7.72 

(*) 

7.70 

4.35 

7.53 

4.30 

7.5:1 

4.22 

7.52 

4.20 

7.50 

4.20 

7.42 

4.16 

7.50 

4.16 

7.45 

4.10 

7.34 

4.32 

7.70 

4.25 

7.63 

4.12 

7.47 

4.05 

7.47 

4.00 

7.47 

4.00 

7.42 


a 

o 


M  9 


I"" 


m.«. 


s 

a 

S3 


Tuma. 

.018- 

.017 

.018 

.0185 

.0185 

.018 

.018- 

.018 

.018 

.0185 

.0185- 

.018- 

.Ol»- 

.018 

.0185- 

.0185- 

.018 

.018 

.0185 

.018 

.018 

.0185 

.0185 

.019 

.019 

.019 

.019- 


.092- 

.092 

.020- 

.092 

.092 

.092- 


Torsion  to  the  right. 


B 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0. 1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

ai 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
ai 
0.1 


e 
o 

h 

If  a 

a  c 


m.«. 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


* 

S 

a 


M 


Tuma. 


Bemarks. 


Resumed  after  standing  from  4  p.  iil  of 
Saturday  until  7  a.  m.  of  Monday. 


*  Not  taken. 
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Tablr  36. — Experitnenf  to  determine  the  resistance,  <f-c.,  of  a  gun-wire  drawn  from  Norway 

iron  (if*5)  furnished  by  Messrs.  Naylor  f  Co.— Continued. 


Torsion  to  the  lei 

1 

1 

a 

o 

torsi( 
ced. 

p. 

♦»  . 

fc  q 

.a  9 

I  psi 
turn 

•sg 

wbic 
prod 

.2 

s 

S 

2 

"0* 

^3 

s 

% 

e 

a 

}Z5 

P 

H 

Lbt. 

m.  $. 

133 

0 

a»5 

ai 

7.49 

134 

0 

3.90 

0.1 

7.3i 

135 

0 

aou 

0.1 

7.10 

136 

0 

3.89 

0.1 

7.04 

137 

0 

3.89 

0.1 

7.00 

138 

0 

3.90 

0.1 

7.  03 

139 

0 

(•) 

0.1 

7.00 

140 

0 

<•) 

0.1 

7.10 

141 

0 

3.70 

ai 

6.93 

143 

0 

(•) 

0.1 

6.80 

143 

0 

3.63 

0.1 

6.85 

144 

0 

3.60 

0.1 

6  H3 

145 

0 

3.58 

0.1 

6.75 

146 

0 

(•) 

0.1 

6.73 

147 

0 

n 

ai 

6.75 

]48 

0 

a  45 

0.1 

6.70 

149 

0 

3.  4.') 

0.1 

6.50 

150 

0 

3.40 

0.1 

6.50 

151 

0 

3.35 

0.1 

6.50 

159 

0 

3.35 

0.1 

6.50 

15.1 

0 

3.30 

0.1 

&.'iO 

154 

0 

3.95 

0.1 

6.4r> 

155 

0 

a97 

0.1 

6.45 

156 

0 

3.90 

0.1 

6.40 

157 

0 

3.95 

0.1 

6.:i5 

156 

0 

3.17 

0.1 

6.34 

ISO 

0 

3.90 

Oil 

6.30 

160 

0 

3.14 

0.1 

6.90 

161 

0 

a  13 

0.1 

&90 

162 

0 

3.11 

0.1 

6.1-2 

163 

0 

3.08 

0.1 

6.06 

164 

0 

3.03 

ai 

6.06 

165 

0 

3.00 

0.1 

6.05 

Turns. 

.099 

.  0195 

.099- 

.0105 

.099 

.099 

.099 

.090 

.090 

.090- 

.090 

.0195 

.099- 

.099- 

.0195 

.0195 

.020- 

.090- 

.090 

.0195 

.0195 

.090 

.0195 

.0195 

.090 

.0195 

.090 

.090 

.090 

.090 

.090 

.090 

.090 


Torsion  to  the  right. 

Deoimal  part  of  one 
turn. 

m. «. 

* 
n 

1 

0.1 

Turns. 

0.1 

0.1 

0.1 

0.1 
0.1 
0.1 





0. 1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

ai 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

*  Not  taken. 
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Table  36.- 


EEPORT    OF   THE    CHIEF   OF    ORDNANCE. 

-Experiment  to  determine  the  resisfance^  tfc,  of  a  gun-tcire  drawn  from  Xoncaf 
iron  {H4fS)  furniahed  by  Measra,  Xaylur  4'  Oo* — Coutiuued. 


• 

g 

Torsion  to  the  left. 

• 
Torsion  to  thtf  risht. 

« 

«-• 

n 

o 

a 

1 

P. 

ee 

a 
o 

«M 

o 

1  = 

1 

1, 

0  5 

o 
h  a 

ch  toi-sio 
duced. 

1 

Remarks. 

o 

at 

P  u 

Of  - 

f  2 

(e  A 

i 

-*• 

f2 

* 

• 

s 

e 

p 

1 

1^ 

53 

w4 

OS 

a 
•s 

a  2 

...»   93 

.^4 

• 

1 

;z5 

Q 

CO 

H 

P4 

Q 

H 

« 

Lbt. 

m.  9. 

Turns. 

m. ». 

TUTM. 

166 

0 

2.92 

167 

0.1 
0 

6.00 
2,95 

.020 

0.1 

168 

0.1 
0 

.•i.97 
2.93 

.020 

0.1 

1 

169 

0.1 
0 

5.  97 
2.94 

.020 

0.1 

, 

0.1 

5.95 

.030 

0.1 

170 

0 

2.94 

• 

171 

0.1 
0 

5.95 
2.90 

.020 

0.1 

172 

0.1 
0 

5.  92 

2.87 

.020 

0.1 

• 

0.1 

5.90 

.020- 

0.1 

173 

0 
0.1 

2.90 
5.90 

.020- 

0.1 

174 

0 

2.87 

175 

0.1 
0 

5.86 
2.82 

.020 

0.1 

176 

0.1 
0 

5.86 
2.82 

.020 

0.1 

■ 

0.1 

5.75 

.020 

0.1 

177 

0 

2.8Q 

178 

0.1 
0 

5.75 
2.80 

.020 

O.l 

179 

0.1 
0 

5.73 

2.78 

.020 

0.1 

180 

0.1 
0 

5.73 
2.72 

.020 

0.1 

181 

0.1 
0 

.5.  7> 
2.72 

.020 

0.1 

■ 

182 

0.1 
0 

5.68 
2.67 

.020 

0.1 

t 

" 

183 

0.1 
0 

5.60 

2.68 

.0195 

0.1 

11*4 

0.1 
0 

5.60 
2.73 

.0195 

0.1 

After  standing  1  boar. 

185 

0.1 
0 

5.62 
2.63 

.092- 

0.1 

0.1 

5  50 

.092- 

o.l 

186 

0 

2.63 

187 

0.1 
0 

5.55 
2.60 

.092 

0.1 

188 

0.1 
0 

5.50 
2.60 

.092 

0.1 

' 

0.1 

5.42 

.092- 

0.1 

189 

0 

2.5.S 

0.1 

5.45 

a   *        ■   «    ■   ■ 

.  092-  . 

0.1 

190 

0 

2..'>a 

191 

0.1 
0 

5.43 
2.56 



.092 

0.1 

. 

192 

O.I 
0 

5.52 
2.  55 

.092- 

0.1 

193 

0.1 
0 

5.40 
2.53 

.092 

0.1 

. ...» ft 

194 

0.1 
0 

5.40 
2. 53 

.020 

0.1 

0.  I 

5.40 

.020 

0.1 

195 

0 

2.4H 

196 

0.1 
0 

5.40 
2.47 

.092- 

0.1 

0.  I 

5.40 

.020 

0.1 

197 

0 

2.45 

• 

198 

0.1 
0 

5.3:{ 
2.40 

.092 

0.1 

0.1 

5.30 

.092 

^0.1 

*  Not  taken. 
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Table  36. — Experiment  to  determine  the  resistance,  <f-c.,  of  a  gun-xrxre  drawn  from  yoncay 
iron  {H^ii)  furnished  bjf  Messrs,  Xaylor  4'  Co. — Cootiuued. 


• 

t 

' 

« 

1 

Foraion  to  the  left. 

Torsion  to  the  right. 

1 
1 

0 

199 

Docimal  part  of  one 
turn. 

Strain  required  1  foot 
from  center. 

Time  in  nrhioh  torsion 
iraa  produced. 

i 

1 

Decimal  part  of  one 
turn. 

■ 

§ 

« 

0 

Lha. 
2.33 

m%  ». 

lums. 

Turns. 

200 

0.1 

0 
0.1 

0 

5.30 

5.27 
2.39 

.092- 
.093 

0.1 
0.1 



• 

201 

203 

0.1 
0 

5.27 
2.39 

.092- 

0.1 

203 

0.1 
0 

5.25 
2.  .JO 

.093 

0.1 

204 

0.1 
0 

5.22 
2.28 

.093 

0.1 

203 

0.1 
0 

5.22 
2.28 

.098 

0.1 

206 

0.1 
0 

5.  10 
2.2S 

.093 

0.1 

207 

2oe 

0.1 

0 
0.1 

0 

5.08 

(•) 

5.10 

2.27 

.093 
.093 

0.1 
0.1 



309 

0.1 
0 

5.14 
3.26 

.093 

0.1 

210 

0.1 
0 

5.12 
2.23 

.003 

0.1 

211 

ai 

0 

5.10 
2.22 

.093 

0.1 



212 

0.1 
0 

5.05 
2.21 

.093- 

0.1 

213 

0.1 

I 

5.05 
2.20 

.093- 

0.1 

214 

0.1 
0 

5.05 
2.17 

.093 

0.1 



215 

0.1 
0 

2.13 

.092 

0.1 

...... 

316 
217 

0.1 

0 
0.1 

0 

4.95 

2.17» 

5.10 

2.n 

.092 

0.1 

After  standing  < 

.022 

0.1, 

218 

1 

0.] 

0 
0.1 

0 

5.08 
2.  17 
5.00 
2.15 

.0215 
.OW- 

0.1 
0.1 

219 

320 

0.1 
0 

5.00 
2.12 

.021- 

0.1 

221 

0.1 
0 

4.92 
2.12 

.021 

0.1 

222 
»3 

0.1 

0 
0.1 

0 

4.88 

(•) 

4.8-^ 

2.07 

.0215 
.021 

0.1 
0.1 

1  224 

0.1 
0 

4.87 
2.00 

.021 

0.1 

1 

0.1 
0 

4.8:} 
2.00 

.021- 

0.1 

225 

336 

0.1 
0 

4.80 
2.00 

.021 

0.1 

227 

0.1 
0 

4.77 
1.97 

.021 

0.1 

328 

0.1 
0 

4.73 
1.97 



.0205 

0.1 

«9 

0.1 

0 

4.73 
i.97 

.021 

0.1 

230 

0.1 

0 
0.1 

0 
0.1 

4.73 
1.96 
4.69 
1.95 
4.66 

.021- 
.021 

0.1 
0.1 

...... 

• 

231 

After  standing 

i 

,'m 

6.1 

Romarka. 


"  Not  taken. 
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Table  36. 


Experiment  to  determine  the  resistance,^  ^fc,  of  a  gun-wire  drawn  from  Xorwag 
iron  (l£^S)/urttis!ied  by  Messrs,  Naylor  #  Co, — CootiDaed. 


a 
o 


Torsion  to  the  left 


a 
o 


a 


232 
S33 
234 
235 
236 
237 
23d 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
25d 
259 
280 
261 
262 
263 
264 


a 

Q 


0 
0.1 

0 
0.  I 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0. 1 

0 
0.1 

0 
0. 1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
O.l 

0 
0.1 

0 
0.1 

0 
0.1 


t 

CO 


1.91 
4.66 
1..P8 
4.65 
1.87 
4.61 
l.f7 
4.50 
1.87 
4.49 
1.87 
4.41 
1.84 
4.40 
1.84 
4.2U 
1.84 
4.19 
1.82 
4.20 
1.81 
4.:M 
1.78 
4.25 
1.77 
4.25 
1.76 
4.25 
1.75 
4.25 
1.75 
4.25 
1.72 
4.  25 
1.78 
4.4;j 
1.75 
4.33 
1.73 
4.33 
1.70 
4.27 
1.68 
4.25 
1.65 
4.20 
1.  65 
4.19 
1.64 
4.18 
1.62 
4.13 
1.62 
4.13 
1.60 
4.05 
1.60 
4.00 
1.5H 
4.00 
1.58 
4.00 
1.58 
4.00 
1.55 
3.95 


II 

a  • 

a*^ 


m.  9. 


s 

a 


Turns. 

.0215 

.021 

.021 

.  Oil— 

.021- 

.0205- 

.0205 

.020 

.020 

.020 

.020 

.020 

.020 

.020 

.021 

.020 

.092- 


.092- 

.092 

.092 

.092 

.092 

.092 

.092 

.092 

.092 

.092- 

.092- 

.092- 

.092— 

.0205 

.030 

.092- 


ToraioD  to  the  right 


Re 


a 

5 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
CI 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


0.1 
0.1 
0,1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

ai 


a 
o 
« 

T  a 

•93 


m.«. 


« 

s 

§ 

I 


Tarns. 


Remarks. 


AfUur  ttandinff  over  night 


*  Not  UkoB. 
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Table  36. — Experiment  to  determine  the  resistance,  ^c,  of  a  ffun-wire  drawn  from  Norway 
iron  (H'^S)  furnished  by  Messrs,  Naylor  4"  Go, — Cod  tinned. 


1 

1 

••s 

1 

a 

s 

265 
266 
267 
368 
269 
270 
871 
812 
273 
274 
375 
876 
277 
278 
279 
280 
281 
283 
383 
284 
285 
2§6 
287 
288 
289 
390 
291 
293 
293 
394 
395 
296 
397 

Torsion  to  the  left 

Torsion  to  the  right. 

Remarks. 

Decimal  part  of  one 
turn. 

strain  required  1  foot 
from  center. 

* 
Time  in  whioh  torsion 
was  produced. 

73 

1 

Decimal  part  of  one 
turn. 

Time  in  which  torsion 
was  produced. 

* 

i 
g 

1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

V 

0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

0.1 
.  0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

Lbs. 
1.53 
a  95 
1.58 
a  93 
1.59 
a90 
1.52 

aoo 

1.48 

a  90 

1.48 

a  85 

1.48 

a83 

1.48 

a  73 

1.46 
a73 
1.45 
a73 
1.45 
a69 
1.43 
a69 
1.35 
a  57 
1.35 
a  53 
1.35 
a  45 
1.38 
a  40 
1.39 

a  40 

1.38 

a  40 

1.35 

a  40 

1.35 

a  40 

1.35 

a  35 

1.33 

a  39 

1.40 

a  55 

1.38 

a  44 

1.37 
a  43 
1.35 
a  49 
1.35 
a  37 
1.34 

a  30 

1.32 

a  30 

1.30 

a30 

1.97 

a  28 

1.27 

a  24 

1.97 
a  94 

m.  t. 

........ 

Tarns. 

.099 

.092- 

.019 

.019 

.092 

.0905 

.0805 

.091 

.092— 

.092- 

.093- 

.093- 

.093 

.093 

.023 

.093- 

.099 

.093 

.091 

.030 

.090 

.090 

0.1 
0.1 
0.1 
0.1 
0.1 

ai 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

ifi.t. 

Turns. 

• 

After  standi d;;  over  one  day  and  ni;{ht 

.021 

.0915 

.0915 

.092 

.0215 

.020 

.021 

.091 

.019 

.020 

.021 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

22  o 


*  Not  taken. 
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Table  36. — Experiment  to  determine  the  resistance,  ^x.,  of  a  gun-icire  draicn  from  Normy 

iron  (H^S)  furnished  by  Messrs.  Naylor  <f*  Co, — Coiitiiiucd. 


1 

o 

M 

a 

5Z5 

Toraion  to  the  left. 

Torsion  to  the  rij^ht. 

Decimal  part  of  one 
turn. 

strain  required  I  foot 
from  center. 

1 

n 

■53 

%* 

h 

s 

a 

9             Decimal  part   of  one 
^                           turn. 

Time  in  which  torsion 
waa  produced. 

« 

t 
1 

298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
3-20 
1  321 
322 
323 
324 
325 
326 
327 
!  328 
;  329 
330 

0 

0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
•  0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.  I 

0 

1  \^ 

1       0 
0,1 
'       0 
'    CI 

Lbs, 
1.26 
3.22 
1.25 
3.19 
1.25 
3.15 
1.24 
3.15 
1.23 
3.13 
1.23 
3.10 
1.21 
3.10 
1.20 
3.00 
1.15 
3.00 
1.17 
2.97 
1.18 
2.97 
1.17 
2.93 
1.15 
2.93 
1.11 
2.81 

m.  t. 

........ 

Twrtu. 

.0215 

.020— 

.021 

.0205 

.022— 

.021 

.021 

.020— 

.020- 

.019 

.020 

.020— 

.020 

.021 

.0215 

.031 

.022 

.022 

.022 

.021 

.02-2— 

.022 

.022 

.0225 

.0205 

.021 

.021 

.020 

.020— 

.020 

'  .020 

,  .020 

1 

i  .020 

m.a. 

Turns. 

0.1 
0.1 
0.1 
0.1 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 



1 

1 ....... . 

........ 

1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

<...... . . 

1.09  1 

2.82  1 

1 

1 

l.OH 
2.81 
1.0b 
2.7i? 
1.05 
2.76 
1.06 
2.75 
1.06 
2.73 
1.06 
2.70 
1.06 
2.69 
1.05 
2.  67 
1.05 
2.66 
1       1.04 
2.65 

;     1.03 

2.63 

I .  ^    -  - 

...... , 

1 

1      . 

1 

1 

1 
1...... .. 

1 

1 

1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.  1 

...... 

1 

1 
1 
1 
1 

1. 03  ' 

2.61  : 

I       1.02 

1       2.61    

1.02 
1       2.59, 

1. 00 
1      2  5U  t 

1.00 

2.f0    

0.  9!* 

±y.)    

0  9- 

2.54    

t 

1 

1 

1 

1 

t 

*No 

t  taken. 

Remarlcs. 
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Table  36. — Experiment  to  determine  the  resistancef  ^-c,  of  a  gun-wire  drawn  from  Norway 
iron  {H^S)  furnished  by  Messrs,  Naylor  4r  Co, — ^Contiaaed. 


1 

1 

Torsion  to  the  left. 

Torsion  to  the  right. 

Number  of  applioaiion. 

e 
§ 

li 
1 

1 

11 
n 

as 

% 

g  . 

SI 

8- 
1 

0 

§ 

n 

s 
0 

\i 
11 

H 

« 

i 

a 

Rei 

331 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

ai 

0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0. 1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

Lbs. 
0.99 
3.54 
0.98 
3.53 
0.97 
2.49 
0.96 
2.50 
a  95 
3.50 
0.95 
3.46 
0.93 
3.45 
0.93 
3.45 
0.93 
2.43 
0.93 
3.45 
0.92 
3.45 
0.92 
3.45 
0.93 
2.43 
0.90 
2.40 
0.89 
2.38 
0.90 
2.36 
0.87 
2.35 
0.87 
2.33 
0.87 
2.33 
0.87 
2.33 
0.S6 
2.30 
0.86 
2.28 
0.85 
2.25 
0.85 
2.25 
0.83 
2.25 
0.83 
2.23 
0.83 
2.20 
0.83 
2.22 
0.82 
2.20 
0.80 
2.20 
0.78 
2.15 
0.77 
2.14 
0.75 
2.  1> 

m.  8. 

Turns. 

.021 

.021 

.020 

.020 

.020 

.031 

.019 

0.1 

0.1 
0.1 
0.1 
0.1 
ai 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

m.8. 

Tunu. 

332 

333 

334 

335 

........ 

336 

1 

337 

••••■• 

338 

021 

339 

•  •••■■  •• 

.020 

.019 

.090— 

.017- 

.020— 

.021 

;  340 

1  341 
342 
343 

344 

;  345 

'  .021 

020 

i  .019 

1 

019 

021 

i  .019 

021 

.019 

1  .020— 

020— 

0205 

.020- 

'  .022 

.022 

.020 

'  .C20 

021 

.0:0 

019 

• 

346 

347 

348 

319 

350 

351 

0.1 
0.1 

1 

,  352 

1  353 
354 

0.1 
0.1 
0.1 
0.1 



""*'* 

355 

356 

• » •  • . 

357 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

• 

358 

359 

......  ........ 

360 

, 

361 

362 

.3C3 



•  Not  taken. 
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Table  36.- 
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•Experiment  io  determine  the  resistance,  c/*c.,  ofagun-icire  drawn  from  Korva^ 
iron  (H^S)  furnished  by  Messrs,  Xaylor  ^  Co. — Continued. 


a* 

Torsion  to  the  left. 

Torsion  to  the  ri^ht. 

9 

♦* 

d                      1 

o 

a 

1 

o 

9 

1 

3 

a 

o 

1 

o 

"3 

o 

«   . 

1 

§• 

part  of 
turn. 

strain  required  1 
from  center. 

which  tor 
produced. 

t 

part  of 
turn. 

which  tor 
produced. 

* 

i 

Remarks. 

• 

1 

a 

a 

•3 

Time  in 
was 

s 
1 

-a 
a 

•3 

Time  in 
was 

« 

Lbs. 

m.8. 

Turns. 

m.t. 

Turns. 

364 

0 

0.75 

365 

0.1 
0 

2.11 
0.74 

0-20—   1 

0.1 

366 

0.1 
0 

2.07 
0.7 

.021 

0.1 

0.1 

(*) 

<*) 

0.1 

w; 

0 

0.69 

368 

0.1 
0 

1.63 
0.63 

.015 

0.1 

369 

0.1 
0 

1.66 
0.63 

.016 

0.1 

370 

0.1 
0 

1.67 
0.fi7 

nifi 

0.1 

1 

371 

0.1 
0 

1.64 
0.66 

016 

0.1 

1 

.*__••'....>>.. 

•••••!••"••• 

372 

0.1 
0 

1.64 
6.65 

020 

0.1 

......1 

1 

373 

0.1 
0 

1.63 
0.64 

.0165 

0.1 

1 

374 

0.1 
0 

1.62 
0.63 

.017— 

0.1 

Two  small  pieces  became  detacbei. 

1 

1 

1 

0.1 

1.62 

.016 

0.1 

1 

*  Not  taken. 


V 
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Table  37. — Experiment  to  determine  the  reeiatance^  elasticitiff  and  endurance  under  reversed 
toraione  of  a  gun-wire  drawn  from  Martin  steel  manufactured  by  the  Xew  Jersey  Steel  and 
Iron  Company. 


[Mark, 

CK.  ;  8lze,0". 

299x0 

>'.2988.— 

Experiment  No.  1268.] 

1 

1 

• 

Torsion  to  the  left. 

Torsion  to  the  right 

i 

o 

a 

o 

a 

ati 

§ 

1 

1    '• 

a 
o 

o 

::•■■ 

1-2 

■s 

1 

o 
u 

M 

B 

a 

a 

If 

H 

s 

CO 

.ss 

i 

^1 

1 

a 

II 

o 

a 

Remarks. 

i 

IA9. 

m.«. 

Tnrna. 

m,8. 

Turns. 

1 

ai 

30.05 

2  40 

.012 

0.1 

0  30 

.012— 

Specimen  annealed  at  a  heat  between  the 

3 

0 
0.1 

30.00 
36.50 

3  00 

.013 

0.1 

0  30 

.012- 

melting-points  of  bronse  and  copper. 

3 

0 
0.1 

30.87 
37.20 

800 

.0125 

0.1 

0  30 

.012- 

Length,  1  inch. 

4 
5 

0 

0.1 
0 

31.13 
37.42 
31.20 

730 

.014- 

0.1 

0  30 

.0125- 

Each  retom  to  the  extreme  of  left-hand 
torsion  was  made  with  sufficient  allow- 

0.1 

37.42 

6  30 

.014- 

0.1 

0  30 

.013- 

ance  of  time  to  obtain  very  nearly  the 

'      6 

0 
0.1 

31.35 
37.55 

6  20 

.014 

0.1 

0  30 

.013— 

whole  extent  of  torsion  that  wonld  re- 

7 

0 

31.10 

• w*w~^ 

sult  from  the  continnance  of  the  strain 

0.1 

37.50 

10  00 

.014 

•0.1 

0  30 

.013- 

given. 

8 

0 

31.23 

^^ 

0.1 

37.60 

7  40 

.0135 

0.1 

0  30 

.013— 

9 

0 

31.45 

0.1 

37.90 

12  40 

.015 

0.1 

0  30 

.013- 

10 

0 

31.37 

\ 

0.1 

37.85 

14  00 

.015 

0.1 

0  30 

.013— 

11 

0 

31.35 

0.1 

37.82 

9  10     .  015 

0.1 

0  30 

.013- 

12 

0 

31.30 

• 

0.1 

37.82 

9  00     .  0145 

0.1 

0  30 

.013- 

13 

0 

31.25 

1 

0.1 

37.77 

8  00 

.  0145 

0.1 

0  30 

.013— 

14 

0 

31.10 

0.1 

37.70 

10  30 

.015- 

0.1 

0  30 

.013— 

15 

0 

31. 37 

0.1 

38.10 

4  30 

.015 

0.1 

0  30 

.013- 

After  intermission  of  two  days. 

16 

0 

31.25 

0.1 

38.00 

500 

.015 

0.1 

0  30 

.013- 

17 

0 

31.10 

0.1 

37.93 

6  00 

.0155 

0.1 

0  30 

.013- 

18 

0 

31.00 

0.1 

37.87 

7  00 

.015- 

0.1 

0  30 

.013— 

19 

0 

30.80 

0.1 

37.60 

6  30 

.015 

0.1 

0  30 

.0135 

20 

0 

30.51 

0.1 

37.35 

6  40 

.015 

0.1 

0  30 

.0135 

21 

0 

30.10 

0.1 

36.80 

3  00 

.015- 

0.1 

0  30 

.0135 

a 

0 

29.60 

« 

0.1 

36.15 

4  30 

.015 

0.1 

0  30 

.013— 

23 

0 

2a  60 

* 

0.1 

35.20 

3  00 

.015 

0.1 

0  30 

.0135 

24 

0 

27.35 

0.1 

33.75 

3  15 

.015 

0.1 

0  30 

.0135 

25 

0 

26.15 

. 

0.1 

32.60 

630 

.015 

0.1 

0  30 

.0135 

26 

0 

24.85 

0.1 

31.55 

6  45 

.016 

0.1 

0  30 

.0135 

27 

0 

23.98 

0.1 

30.70 

6  30 

.016 

0.1 

030 

.0135 

28 

0 

23.10 

0.1 

29.65 

8  00 

.016 

0.1 

0  30 

.0135 

29 

0 

22.40 

0.1 

29.12 

6  00 

.0165 

0,1 

0  30 

.014- 

30 

0 

21.80 

Seams  appeared  on  two  sides ;  cross-lines 
separated  abont  0".03. 

0.1 

28.50 

'"i'io 

".'6i65*' 

0.1 

"o'io*    .0135" 

31 

0 

21.20 

0.1 

27.90 

4  30 

.0165 

0.1 

0  30 

.0135 

32 

0 

20.60 

1    0.1 

27. 33 

7  30 

.0165 

0.1 

0  30 

.0135 

342 
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TxJiiaE  27, —Experiment  to  determine  the  re8i8tmre,4*c.,ofa  gun-wire  drawn  from  Martin 
steel  manufactured  by  the  Keiv  Jersey  Steel  and  Iron  Company — Coutinaed. 


• 

§ 

Torsion  to  the  left. 

Torsion  to  the  right. 

o 

*» 

a 

<D 

a 

••4 

a 

o 

a 

3 

3 

-3. 

o 

h  torsi 
uced. 

h  torsi 
uood. 

Remarks. 

o 

|6 
^5 

strain  reqnii 
fromcei 

whic 
prod 

8 

^5 

whic 
prod 

1 

a 

-a 
a 
•s 

53 

H 

S 

•V4 

Tiroo  in 
was 

a 

it 

Lb9. 

m.t. 

T^m*. 

tn,i. 

Jarn«. 

33 

0 

19.90 

0.1 

26.80 

6  00 

.0165 

0.1 

0  30 

.0135 

34 

0 
0.1 

19.40 
96.35 

SoAin  OD  each  of  three  si  Jes. 

6  45 

.017- 

0.1 

0  30 

.014-- 

35 

0 

lass 

0.1 

85l75 

6  00 

.017- 

0.1 

0  30 

.0145 

36 

0 

1 

Taken  cut  of  machine. 

1 1 

REPOET  OF  THE  CHIEF  OF  OEDXANCE. 


343 


Table  2B.'^Experiment  to  determine  the  reaiaiance^  elasticity ^  and  endurance  und.r  reversed 
torsions  of  a  gun-wire  dratm  from  Martin  steel  manufactured  by  the  Xew  Jersey  Steel  and 
Iron  Company, 

[Mark,  O  i  sise,  0".3014  x  0".3012.— Experiment  No.  1269.] 


I 


a 
o 

01 


o 

J 

a 

s 


1 

8 
3 
4 

5 
6 
7 
8 
9 
10 
11 
13 
13 
14 
15 
16 
I  17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 


TorBion  t7  the  left. 


Torsion  to  the  right 


e 
g 


li 


4 

3 
1 


0.1 
0 

ai 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 

oi 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0.1 

0 
0. 1 

0 
0.1 


I 

'9  9 

u  a 

1 


Lbs. 

21.10 

25.50 

28.45 

27.00 

29.40 

27.70 

29.90 

27.70 

.30.12 

27.7.'5 

30.25 

27.83 

30.35 

27.80 

30.45 

27.80 

30.45 

27.80 

30.53 

27.80 

30.55 

27.80 

30.55 

27.80 

30.55 

27.65 

30.52 

27.65 

30.55 

89.50 

32.35 

28.60 

31.75 

2a  23 

31.47 

28.15 

31.25 

87.90 

31.20 

27.86 

31.00 

27.83 

30.97 

27.70 

30.92 

37.62 

30.83 

29.00 

32.00 

28.40 

31.  .'i5 

37.85 

31.30 

27.75 

31.15 

27.65 

30.95 

27.45 

30.90 

27.35 

30.80 

27.10 

30.55 

26.98 

30.45 


a 

o 


e  ^ 

B 


tn.  8. 

2  40 

4  00 

3  40 
8  00 

5  30 
10  00 
13  00 
10  30 

7  30 
7  30 
7  45 

5  30 

7  30 

8  40 
H  00 

"oio' 

8  30 

10  00 
12  00 

8  30 

8  35 
12  30 

7  00 

11  00 

"e'is 

10  00 

9  00 
10  00 

7  00 
10  00 

6  00 
6  00 

10  15 


a 
o 

« 


9 

a 
o 


Pi9 


s 
& 


Turru. 
.0075 

.010 

.011 

.011 

.011 

.011 

.0115 

.011 

.011 

.011 

.011 

.011 

.011 

.0115 

.012 

.6i2*' 

.012 

.012 

.012 

.013 

.012 

.012 

.012    * 

.012 

."612" 

.012 

.012 

.012 

.012 

.012 

.012 

.012 

.012 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

6.'i" 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

ai" 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 


h 

11 

I*' 


tit.  K, 

0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
6*30* 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 

o'so" 

0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 
0  30 


a 


'Turns. 
.0075 

.008- 

.008- 

.0015 

.0015 

.0015 

.091- 

.091— 

.091— 

.091— 

.091- 

.091— 

.091— 

.091- 

.090- 

.'696-* 

.090- 

.090- 

.090- 

.090— 

.090- 

.090— 

.090— 

.010 

.*6i6'" 

.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 


Remarks. 


Specimen  annealed  at  a  heat  between  the 
melting-points  of  bronze  and  copper. 

Length,  1  inch. 

Each  retnm  to  the  extreme  of  left-hand 
torsion  was  made  with  sufficient  allow- 
ance of  time  to  obtain  very  nearly  the 
wliole  extent  of  torsion  that  woold  re- 
sult from  the  continuance  of  the  strain 
given. 


After  intermission  from  Saturday  evening 
to  Monday  morning. 


After  intermission  of  about  60  hours. 
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T.iBLE  38. — Experiment  to  determine  the  reawtaitce,  ^*c.,  of  a  gun-wire  draton  from  Marlin 
jteel  manvfactured  by  the  New  Jersey  Steel  and  Iron  Company — Coatinaed. 


■ 

g 

Torsion  to  the  lefu 

Torsion  to  the  right. 

o 

-»» 

d 

o 

5, 

i 

MM 

part  of  on 
urn. 

[aired  1  foe 
center. 

h  torsio 
uced. 

1^ 

•5? » 

Eemarks. 

7 

II 

* 

11 

|l 

■ 

o 

•** 

Strain  roq 
from 

\^p* 

«* 

^S. 

§ 

« 

1 

1 

Time  in 

g 

1 

1 

1 

Time  in 
was 

Lbt. 

m.«. 

Turns. 

m.t. 

Tumi. 

34 

0 

26.75 

•.1 

30.35 

500 

.012 

0.1 

030 

.010 

35 

0 

26.60 

• 

0.1 

30.20 

700 

.012 

0.1 

0  30 

.010 

36 

0 

26.40 

0.1 

.30.00 

6  00 

.012 

0.1 

030 

.010 

37 

0 

26.17 

. 

0.1 

29.75 

8  30 

.012 

0.1 

0  30 

.010 

1 

38 

0 

25.90 

0.1 

29.60 

10  00 

.012 

0.1 

0  30 

.010 

39 

0 

25.65 

0.1 

29.35 

6  30 

.012 

0.1 

0  30 

.010 

40 

0 

25.45 

• 

O.J 

29.05 

700 

.012 

0.1 

0  30 

.010 

41 

0 

25.10 

* 

0.1 

26.90 

7  00 

.012 

0.1 

0  30     .010 

. 

42 

0 

24-75 

0.1 

28.55 

720 

.012 

0.1 

0  30     .010 

43 

0 

24.45 

0.1 

28.50 

9  30 

.012 

0.1 

0  30 

.010 

44 

0 

24.10 

0.1 

28.07 

700 

.012 

0.1 

0  30 

.010 

45 

0 

ai 

23.75 
27.85 

Split  bc;;iu8  to  show. 

'"■i'so* 

'.'oii"" 

**6.*i' 

0*36" 

'.'oio'" 

-vp    — .    -.>     ig                      — 

46 

0 

23.48 

0.1 

27.53 

830 

.012 

0.1 

0  30 

.010 

47 

0 

23.00 

0.1 

27.10 

6  45 

.012 

0.1 

0  30 

.010 

48 

0 

22.58 

0.1 

26.95 

800 

.012 

0.1 

0  30 

.010 

49 

0 

0.1 

22.52 
26.93 

Seam  on  two  sides. 

'"'6*45* 

'm'" 

*'o.*i* 

6'30* 

'."oio*" 

50 

0 

22.05 

0.1 

26.50 

730 

.013 

0.1 

0  30 

.010 

55 

0 
0.1 

24.50 

Seam  on  each  sidt'. 

"'i'oo' 

Void'" 

**6.*r 

6'30' 

Voii" 

60 

0 

17.40 

0.1 

22.90 

7  30 

.0135 

0.1 

0  30 

.0115 

85 

0 

15l50 

0.1 

21.00 

7  00 

.0135 

0.1 

0  30 

.0115 

70 

0 

13.85 

0.1 

19.37 

6  45 

.014 

0.1 

0  30 

.012 

75 

0 

12.45 

0.1 

17.87 

7  30 

.015 

0.1 

0  30 

.012 

80 

0 

11.12 

On  82d  twiat  cracked,  and  opened  con- 
siderably. 

85 

0.1 
0 

16.80 
6.70 

""iio 

Vois'** 

*  6.'i* 

6*30' 

.*6ii'" 

0.298 

13.31 

•  •  •  •  •  «  •  • 

Torsion  continued  to  breaiiine. 

1&81 

1 

^•■»  - -■— — --Q- 

*  Xot  ta'cen. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


345 


Table  39. 
torsions 
request. 


^Experiment  to  determine  the  resistance^  elasticitif,  and  endurance  under  reversed 
of  a  gun-wire  drawn  fivm.  "  open-hMrth"  steel.    Manufacturer's  name  withheld  hy 

[Mark.  B  S  co-  ;  »ize,  0".2965  x  0".8971.— Experim^t  No.  1270.] 


p 
o 

'Si 

c 


I 

& 

s 


Torsion  to  the  left. 


Torsion  to  the  right.! 


a 
o 


S.S 

-a 
g 


1 

2 
3 

<l 
5 

6 

7 
8 


0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 
,       0 
I     0. 

0 
0. 

0 
0. 

0 
0. 


0. 


9 
10 

11 

12 
13 
14 
15 
16 
17 
Id 
19 

20  .      ( 

0. 

21  I      0 
0. 

0 
0. 

C 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 

0 
0. 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


I 


^ 

SB 


Lbi. 

18.25 

21.45 

24.60 

22.50 

2-2125 

22L75 

2Si60 

23.00 

25.74 

22.90 

25.70 

22.75 

25.60 

22.63 

25.50 

22.57 

25.50 

22.53 

25.40 

22.43 

25.37 

22.37 

25.30 

22.27 

25.23 

22.10 

25.15 

21.90 

24.98 

21.80 

24.90 

21.65 

24.75 

21.45 

24.50 

21.35 

24.47 

21.23 

24.45 

21.25 

24.43 

21.00 

24.2.*) 

20.78 

24.00 

20.70 

23.90 

20.50 

23.80 

20.40 

23.65 

20.20 

23.55 

20.05  [ 

2.3.30  ! 

19.87 

23.20 

19.70 

2,1.07 

19.55  ; 

22.95  ! 

19.43  I 

22.83  . 


B 
O 

_  u 

^  s 


tn.  s. 

7  10 

6  30 

4  30 

5  03 
5  13 


9 
§ 


I     O 


8 

e 
.2 

I 


As 


•a 
a 

■§ 


Turns. 
.007 

.007 

.010 

.010 

I  .011 


7  00 

7  30 

10  00 


OU 

Oil- 
on— 


10  00 
8  00 
7  40 
7  45 
6  00 

6  20 

7  15 

8  20 

8  40 

9  00 
7  00 
7  00 


6  30 

7  40 
10  00 

9  00 
9  45 
7  00 
7  30 
7  45 

7  00 

8  20 

7  00 

8  00 


0105 

0105 

0105 

0105 

011- 

011 

Oil 

Oil 

Oil 

Oil 

Oil 

Oil 


0.1 
0.1 
0.1 
0.1 
0.1 


0.1 
0.1 
0.1 


I 


Oil 

0115 

0115 

Oil 

Oil 

on 

OU 
Oil 
Oil 
OU 
OU 
Oil 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0,1 
0.1 
0.1 
0.1 
0.1 
I    0.1 


a 
o 

a  s 


Remarks. 


« 


tn,  8. 

0  30 

0  30 
0  30 
0  30 
0  30 


0  30 
3  30 


Tumi. 
.0175 

.008— 

.0085— 

.008— 

.008- 


.0085 
.0085 


0  30     .0085 


Specimen  annealed  at  a  heat  between  the 
melting-points  of  bronze  and  copper. 

Len((th,  1  inch. 

Each  retnm  to  the  extreme  of  left-hand 
torsion  was  made  with  sufficient  allow  • 
ance  of  time  to  obtain  very  nearly  the 
whole  extent  of  torsion  that  woald  result 
from  the  continuance  of  the  strain  given. 

After  intermission  of  about  15  hours. 


0  30 
0  30 
0  30 


.0085 

.003— 

.009— 


.i  A  slight  scam  visible  on  one  side. 


0  30  .  009— 
0  30  .009— 
0  30  .  009— 
0  30  .  009— 
0  30  •  .  009— 
0  30  .  009— 


0  30 


009- 


0  30  I  .  009 
0  30  ;  .009 


0  30 


,,'  After  standin;;  over  nl;;ht. 


.009 


0  30  .  009 
0  30  .  009 


0  30 
0  30 
0  30 
0  30 
0  30 
0.30 
0  30 
0  30 
0  30 


.009 
.000 
.009 
.009 
.009 
.009 
.009 
.009 
.000 
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i 

a 

3S 

« 

45 
50 

as 

K 

100 

TDimlontoUisleft. 

Tot^oD  to  the  riiht. 

1 

■3 

r 

0.1 

0.1 

0 

0.1 

0.1 
0.1 

0.1 

1, 

}' 

1 
■3 

11 

st 

r 

i 
1 

Remirki. 

Lbt. 
18, » 

a  70 
aaiso 

IMO 

ansa 

IK.  70 
SlOO 

nUe 

SLOO 
10.83 

S0.il 

15:*3 
IB.  35 

n'-to 

14.50 

is!  00 
(•) 

10.80 

9«l 

SCO 

.011 

0.1 

030 

.009 

The  MMD  »«ii»r»te»  criia»-Une»  about  VM 

1 

The  59th  tarn  wns  can-ied  0.01  too  fir. 
Bagtui  to  crack  triDiTcrielj-  it  middle  ud 

eoo 

9  00 
530 

BOO 

.011 
.0115 

.0115 

0.1 

ai 

0.1 

0.1 
0.1 

0.1 

030 

030 

0  30 
0  30 
030 
0  30 

.009- 
.0095 

.0095 

.010- 

600 
430 

000 

.0115 
.OISS 

0.1 
0.1 

030 
030 
030 

.0015 
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Table  40. — Experiment  to  determine  the  reaistancCf  elasticity^  and  endurance  under  reversed 
torsions  of  a  gun-wire  drawn  from  crucible  cast  steel  matiufactured  by  Hussey,  Welles  ^'  Co. 

[Mark,  H  W  co  4  ;  8i»e,  0".30O  x  0" .390. —Experiment  No.  1272.] 


g 

Torsion  to  the  left. 

1 
Torsion  to  the  rixht. 

o 

«e 

[     e 

1  o 

d 

3 

1 

O 

part  of  on 
turn. 

strain  required  1  foe 
from  center. 

which  toraio 
produced. 

s 

part  of  on 
turu. 

o 
M  a 

II 

1 

1 

•a 
a 

a 

Of 

1 

73 

a 

•v4 

5S 

1 

-a 

Lbs. 

m.». 

TurM. 

m.  8. 

Tumt. 

1 

0.1 

30.55 

6  30 

.012 

0.1 

0  30 

.0115 

s 

0 

28.00 

0.1 

34.40 

5  00 

.012 

0.1 

0  30 

.0115 

3 

0 

8a35 

0.1 

34.85 

6  30 

.012 

0.1 

0  30 

.0115 

4 

0 

28.35 

0.1 

34.80 

6  15 

.0125 

0.1 

0  30 

.0115 

5 

0 

3a05 

0.1 

34.80 

9  00 

.013 

0.1 

0  30 

.0115 

6 

0 

28.05 

0.1 

34.85 

9  30 

.013 

0.1 

0  30 

.0115 

7 

0 

28.15 

0.1 

34.85 

7  45 

.013 

0.1 

0  30 

.0115 

8 

0 

28.10 

1 

0.1 

34.85 

730 

.013 

0.1 

0  30 

.0115 

9 

0 

(*) 

0.1 

35.15 

2  30 

.013 

0.1 

0  30 

.0115 

10 

0 

2a  12 

0.1 

35.15 

9  20 

.013 

0.1 

030 

.0115 

11 

0 

2dLl8 

■ 
1 

0.1 

35.10 

6  10 

.0135 

0.1 

0  30 

.0115 

19 

0 

2a  08 

0.1 

35.05 

6  00 

.0135 

0.1 

0  30 

.0115 

13 

0 

28.00 

0.1 

35.00 

6  00 

.0135 

0.1 

0  30 

.0115 

14 

0 

27.98 

0.1 

34.90 

6  30 

.0135 

0.1 

0  30 

.0115 

15 

0 

27.97 

0.1 

34.90 

8  00 

.0135 

0.1 

0  30 

.0115 

16 

0 

27.94 

0.1 

34.85 

830 

.0135 

0.1 

0  30 

.012- 

17 

0 

27.85 

0.1 

34.85 

8  00 

.0135 

0.1 

0  30 

.0115 

18 

0 

27.85 

ai 

34.  »3 

9  30 

.0135 

0.1 

0  30 

.0115 

l\t 

0 

27.75 

0.1 

34.62 

7  45 

.0135 

0.1 

0  30 

.0115 

20 

0 

27.72 

0.1 

34.65 

8  00 

.0135 

0.1 

0  30 

.0115 

SI 

0 

27.65 

0.1 

34.55 

8  50 

.0135 

0.1 

0  30 

.0115 

22. 

0 

27.50 

0.1 

34.45 

7  40 

.0X35 

0.1 

0  30 

.0115 

S3 

0 

27.40 

0.1 

34.  .54 

6  30 

.0135 

0.1 

0  30 

.0115 

84 

0 

27.30 

0.1 

34.40 

500 

.0135 

0.1 

0  30 

.0115 

SS 

0 

37.00 

0,1 

34.20 

7  00 

.0135 

0.1 

0  30 

.0115 

S6 

0 

26.80 

0.1 

33.90 

8  00 

.0135 

0.1 

0  30 

.0115 

97 

0 

26.50 

0.1 

33.43 

6  10 

.0135 

0.1 

0  30 

.0115 

S8 

0 

26.30 

0.1 

33.10 

500 

.0135 

0.1 

0  30 

.0115    I 

29 

0 

2&75 

0.1 

32.  T3 

6  30 

.0135 

0.1 

0  30 

.0115 

30 

0 

25.45 

0.1 

32.40 

7  45 

.0135 

0.1 

0  30 

.0115 

31 

0 

25.00 

1 

0.1 

32L00 

4  CO 

.0135 

0.1 

0  30 

.0115 

33 

0 

24.70 

0.1 

31.51 

7  30 

.0135 

0.1 

0  30 

.0115 

33 

0 

24.30 

t 

0.1 

31.10 

6  10 

.0135 

0.1 

0  30 

*Nol 

.012— 
t  takoD. 

Remarks. 


Specimen  annealed  at  a  heat  between  the 
melting-points  of  bronze  and  copper. 

Length,  1  inch. 

Each  return  to  the  extreme  of  left-hand 
torsion  was  made  with  sufficient  allow- 
ance of  time  to  obtain  very  nearly  the 
whole  extent  of  torsion  that  would  re- 
sult from  the  continuance  of  the  strain 
given. 


After  intermission  of  dinner-hour. 


A  se.in»  di<^cover»»ti  on  tho  under  sido. 
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Table  40. — Exper'nnent  to  determine  the  re^9fanoe,  <f'c.,  of  a  gun-wire  drawn  from  crudhle 

coat  eteel  manufactured  by  Hassey^  Welles  ^  Co.—Continued. 


• 

g 

Torsion  to  the  left. 

Torsion  to  the  right. 

1 
1 

o 
s 

tin  roqnircd  1  foot 
from  center. 

§ 

s 

§ 

1 

o 

le  In  which  torsi 
was  produced. 

0 

5l 

1 

1 

O 

1 

imal  part 
torn. 

i 
1 

3 

imal  part 
turn. 

10  in  which 
was  produc 

8 

Remarks.                         ; 

X 

5 

& 

s 

« 

S 

•«4 

*S 

. 

5Z5 

« 

oa 

H 

p< 

0 

H 

p; 

Lh». 

m.  f. 

Tarns. 

m. «. 

Tarns. 

34 

0 

23.80 

0.1 

30.65 

5  00 

.013 

0.1 

030 

.012- 

35 

0 

.23.35 

0.1 

30.00 

6  00 

.013 

0.1 

0  30 

.012- 

36 

0 

22.70 

0.1 

29.55 

6  15 

.013 

0.1 

030 

.012- 

37 

0 

22.26 

••••* •*• 

A  crack  on  the  noner  sLdD. 

0.1 

2^.85 

'"'5*30' 

'."6135" 

**6."i* 

*6'30" 

.012-  1                                 -. 

38 

0 

21.65 

0.1 

28.44 

9  00 

.0135 

0.1 

0  30 

.012- 

30 

0 

21.08 

« 

1 

ai 

37.90 

720 

.0135 

0.1 

0  30 

.012-  ' 

40 

0 

20.55 

1 

0.1 

27.18 

5  15 

.0135 

0.1 

0  30 

.012- 

41 

0 

20.00 

0.1 

26.68 

6  00 

.0135 

0.1 

0  30 

.012- 

42 

0 

19.35 

0.1 

26.08 

7  20 

.014+ 

0.1 

0  30 

.012- 

43 

0 

18.80 

0.1 

23.47 

6  30 

.014- 

0.1 

0  30 

.012- 

44 

0 

18.20 

.••••...      f^i"«/>lr<»i1  e\r\  oil   aiflna 

9 

0.1 

25.02 

""5*30* 

'.'oU-' 

"6:i" 

*6*3J* 

.012- 

•\^  ^  WV\^ 9^\*\m    \/«4    t»ft«    V«%«^.r0*                                                                                          ^ 

45 

0 

17.75 

After  intermission  of  dinner-hoar. 

0.1 

24,55 

""8*25* 

'."ois""' 

"6."r 

0*30* 

'.'6125* ' 

46 

0 

17.20 

0.1 

24.00 

5  30 

.015 

0.1 

0  30 

.013- 

47 

0 

16.75 

j 

0.1 

23.50 

7  00 

.014 

0.1 

0  30 

.013- 

48 

0 

16.40 

0.1 

23.05 

5  00 

.014 

0.1 

0  30 

,013- 

49 

0 

15.90 

0.1 

22.65 

5  00 

.015 

0.1 

0  30 

.013- 

50 

0 

15.63 

0.1 

22.35 

5  00 

.016 

0.1 

0  30 

.013- 

51 

0 

15.10 

0.1 

21.83 

5  00 

.0155 

0.1 

0  30 

.0135 

58 

0 

14.75 

0.1 

21.61 

6  00 

.016 

0.1 

0  30 

.0135 

53 

0 

14.35 

0.1 

21.00 

5  00 

.016 

0.1 

0  30 

.0135 

54 

0 

13.98 

0.1 

20.95 

8  00 

.016 

0.1 

0  30 

.014 

55 

0 

13.60 

' 

0.1 

20.70 

8  00 

.016 

0.1 

0  30 

.014 

. 

56 

0 

13.20 

0.1 

20.05 

6  00 

.016 

0.1 

0  30 

.014 

57 

0 

12.92 

......' 

After  intermission  of  one  night. 

0.1 

19.  b6 

'""515 

."oii"' 

"o.'r 

"6*30*  '.'oiis'* 

58 

0 

12.60 

• 

0.1 

19.45 

7  10 

.0165 

0.1 

0  30  !  .014- 

59 

0 

12.23 

0.1 

19.00 

4  15 

.017- 

ai 

0  30 

.014- 

60 

0 

11.  7p 

O.l 

18.6^ 

8  20 

.017 

0.1 

0  30 

.014- 

61 

0 

11.42 

0.1 

18.45 

9  00 

.017 

0.1 

0  30 

.015-  ! 

62 

0 

11.10 

0.1 

18.00 

6  00 

.017 

0.1 

0  30 

.015 

63 

0 

10,  75 

0.1 

17.90 

7  20 

.0165 

0.1 

0  30 

.0143 

64 

0 

10.  40 

0.1 

17.65 

800 

.0165 

0.1 

0  30 

.0145 

65 

0 

10.00 

0.1 

17.  .35 

6  00 

,0175  ■ 

0.1 

0  30 

.015- 

66. 

0 

9.75 

0.1 

17. 2"? 

9  00 

.0175 

0.1 

0  30 

.015- 
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Table  40. — Experiment  to  determine  the  resistanoCf  i|'C.,  of  a  gun-tcire  drawn  from  crucible 
codt  steel  manufactured  by  Husdey,  IVellea  ijr  Co. — Continaed. 


• 

Torsion  to  the  left. 

Torsion  to  the  right. 

o       '     •** 

a 

o 

a 

3 

O 

part  of  on 
turn. 

kin  required  1  foe 
from  couter. 

which  torsio 
produced. 

« 

i 

part  of  on 
turn. 

which  torsio 
produced. 

s 

Remarks. 

1    "^ 

.sa 

2^ 

1 

1 

.23 

2  ^ 

a 
o 

•«4 

•■ 

a 
>5 

P 

CO 

1 

1 

a 

H 

1 

Lb9. 

m.  «. 

Tumu. 

m. ». 

2\<ni«. 

t    67 

0 

9.85 

1 

0.1 

16.95 

6  ao 

.0175 

ai 

0  30 

.015- 

68 

0 

9.85 

0.1 

16.47 

9  20 

.0175 

0.1 

030 

.015- 

69 

0 

(•) 

0.1 

15.95 

4  30 

.0175 

0.1 

0  30 

.015 

70 

0.320 

1Q.00 

(Failed) 

_-     -     - 

. 

Toraion  continued  to  0.52G,  when  the  speci- 

; 0. 526  (Broke.) 

i - 

1 

men  broke. 

*Kot  taken. 
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Table  41. — H^xpenment  to  determine  the  reslatancef  eloBticityf  and  endurance,  under  refrersed 
toraionSf  of  a  gun-tcire  drawn  from  **  Bohaon^s  choice^^  steel  {brand,  choice  ^3)  extra,) 
made  hy  Francis  Hobson  4'  Son^  and  procured  from  ordnance  shqps^  Washington  navjf'gard. 

[Mark.  H  co  1 :  slxe,  0" .300*2  x  ©".SD-'a.— Experimnnt  No.  1-373.1 


1 

lorslon  to  the  left. 

Torsion  to  the  right. 

• 

a 
o 

u  ' 

*» 

a 

o 

. 

a 

i 

o 

a 

o 

«5 

a. 

o 

CD 

o 

■  of  applic; 

O 

©2 

•Si 

S 

Cm 

-=3     ■ 

Remarks. 

1 

1 

s 

5Z5 

"3 

5l 

"8 

2 

CO 

H 

s 

9 

s 
1 

■S3 

m.«. 

g 
1 

1 

Us. 

m.   s. 

Tur7i8. 

Turns. 

1 

0.1 

34.15 

8  40 

.015 

0.1 

0  30 

.0143 

Specimen  anneale4l  at  a  heat  between  the  ' 

2 

0 

«9.eo 

meltinj^-poiuts  of  bronze  and  copper. 

0.1 

3?.  40 

8  00 

.015 

0.1 

0  30 

.0145 

3 

0 

29.70 

Length,  1  inch. 

0.1 

3^.  50 

7  25 

.016 

0.1 

0  30 

.0155 

4 

0 

29.70 

Each  return  to  the  extreme  of  left-hand  ; 

0.1 

38.25 

7  15 

.016- 

0.1 

0  30 

.0155 

torsion  was  made  with  snfficlent  allow-  [ 

5 

0 

29.37 

ance  of  time  to  obtain  very  nearly  the  | 

0.1 

37.65 

6  05 

.016- 

0.1 

0  30 

.015 

whole  extent  of  torsion  that  wonld  result ' 

6 

0 

28.70 

from  the  continuance  of  the  strain  giren. 

0.1 

36.80 

4  30 

.0155 

0.1 

0  30 

.0145 

A.  seam  discovered  on  one  side. 

7 

0 

27.80 

O.l 

35.73 

8  00 

.0155 

0.1 

0  30 

.014- 

8 

0 

26.82 

0.1 

34.  75 

5  45 

.016 

0.1 

0  30 

.014- 

9 

0 

25.60 

0.1 

33.45 

6  10 

.016 

0.1 

0  30 

.014-. 

Ancth  r  3li;;ht  seim. 

10 

0 

24.00 

0.1 

3-2. 00 

3  00 

.015 

0.1 

0  30 

.014- 

11 

0 

22.50 

■ 

0.1 

30.47 

7  00 

.016 

0.1 

0  30 

.  0145 

19 

0 

21.05 

1 
1 

0.1 

29.35 

8  20 

.0165 

0.1 

0  30     .0145 

13 

0 

19.  65 

1 

.09 

25.00 

(Broke.) 

1 

NOTE  TO  TABLES  31  TO  41. 

In  order  tbat  these  tables  may  be  more  readily  anderstood,  the  oooree  of  experiment  they  record  will 
"be  here  expressed  in  words,  so  tar  as  is  necessary  to  illustrate  the  mode  of  operating. 

Take,  as  an  example,  the  experiment  giren  in  table  38 : 

The  specimen  was  first  gradnally  twisted  to  the  left,  the  time  of  applying  the  strain  being  4  minutes 
and  the  extent  of  torsion  l-IO  of  a  turn.  The  strain  required  to  do  this  was  525.34  pounds,  applied  1  foot 
from  the  center  of  motion,  and  the  time  of  its  application  (before  mentioned)  such  that  the  specimen 
had  nearly  ceased  yielding.  The  specimen  was  then  released  from  strain,  and  was  found  to  have  sprung 
back  10-1000  of  a  turn. 

This  statement  includes  all  that  is  entered  in  the  table  as  occurring  under  the  first  application  ot 
tortion  to  the  U(/t. 

Torsion  was  now  applied  in  the  reverse  direction,  and  carried  to  the  extent  of  1-10  of  a  turn  to  the 
right  of  the  original  starting-point,  requiring  in  all,  of  course,  1-5  of  a  turn  in  the  right-hand  direction 
less  the  resilience  before  noted.  The  strain  required  to  do  this  was  applied  in  30  seconds ;  but  its 
amount  was  not  readily  ascertainable  by  the  means  at  hand,  and  was  not  taken.  When  again  released, 
the  specimen  sprang  back  5-1000  of  a  turn. 

We  have  now  completed  the  record  in  the  first  line  of  the  table. 

Again  reversing  the  torsion,  {. «.,  making  the  teoond  appUeation  of  torsion  to  the  left,  it  was  carried 
to  the  central  position,  (in  which  the  specimen  is  deprived  of  twist,)  the  strain  requisite  for  this  purpose 
being  39  pounds,  and  farther,  in  the  same  direction,  until,  in  5|  minutes,  a  left-hand  torsion  of  1-10  of 
a  turn  had  been  reached  again,  requiring  a  strain  of  33.10  pounds.  Again  released  Arom  torsional  strain, 
the  specimen  was  found  to  have  a  resilience  of  11-1000  of  a  turn. 

Torsion  to  the  right  was  now  appUed,  and  carried  1-10  of  a  turn  to  the  right  of  the  central  position. 
Time  in  which  this  was  done,  30  seconds.    Released,  the  specimen  sprang  back  10-1000  of  a  turn. 

This  completes  the  third  line  of  the  table. 

Succeeding  applications  of  torsion  were  conducted  in  the  same  way,  and  their  results  are  similarly 
recorded. 


NOTE  TO  TABLES  42  TO  51. 

Tke  relations,  between  elastic  reaiatMioe,  torsion,  and  reailienoe,  as  doTcloped  in  the  experiments 
here  recorded,  are  represented  graphically  in  plates  7  to  23.  The  diagrams,  representing  each  a  single 
experiment,  present  the  points  (sorronnded  by  small  circles)  ftom  which  the  cnrves  were  formed.  The 
want  of  perfect  coincidence  between  the  points  and  corres  of  mean  direction  mast  be  attributed 
chiefly  to  the  influence  of  time,  i. «.,  the  continnanoe  of  the  strains  by  which  the  work  was  done,  which 
unavoidably  varied  in  the  coarse  of  the  experiments* 

In  all  the  diagrams  retUienoe  is  represented  by  the  red  linet. 

Plates  15  and  83  combine  the  results  of  single  experiments  to  present  comparisons  of  the  characteristic 
curves  of  the  several  specimens. 
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Table  42. — Experiment  on  th€  development  of  elastic  resistance  and  resilience  by  torsion. 
Wire  draicn  from  Martin  steel  manufactured  by  the  Xew  Jersey  Steel  and  Iron  Co, 

IMarlc,  C  J.— Experiment  No.  1353.] 


c  a 


Torsion. 
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«# 

u 

a 

GO 

P 

Lbs, 

Turn*. 

13.15 

.0363 

15.90 

.05 

16.31 

.100 

17.47 

.30 

19.05 

.30 

90.19 

.40 

22.14 

.50 

23.66 

.60 

34.74 

.70 

95.85 

.80 

S6.94 

.90 

27.75 

1.001 

28.63 

1.100 

29.45 

1.30 

30.05 

1.301 

30.76 

1.40 

31.53 

1.50 

33.08 

1.599 

32.65 

1.70 

33.14 

1.80 

s 
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a 
o 
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^unu. 

Turns. 

m.  s. 

Turns. 

.0363 

.00-29 

9  33 

.0233 

.05 

.0304 

0  33 

.0296 

.100 

.0095 

0  15 

.0305 

.30 

.1653 

0  13 

.0347 

.30 

.3589 

0  16 

.0411 

.40 

.3.'» 

0  90 

.045 

.50 

.453 

0  18 

.048 

.60 

.5466 

0  14 

.0532 

.70 

.644 

0  14 

.056 

.80 

.7413 

0  13 

.0587 

.90 

.8499 

0  13 

.0511 

.001 

.9374 

•    0  10 

.0626 

1.100 

1.0339 

0  15 

.0661 

L.SO 

1.133 

0  13 

.067 

L.301 

1.830 

0  14 

.071 

1.40 

1.3395 

0  13 

.0705 

1.50 

1.438 

0  13 

.073 

L599 

1.5369 

0  11 

.  0721 

1.70 

1.6355 

0  10 

.0745 

1.80 

1.7341 

008 

.0759 

1.90 

1.8339 

0  08 

.0761 

LOO 

1.933 

0  10 

.078 

LIO 

2.031 

009 

.079 

2.30 

2.130 

0  08 

.080 

2.30 

3.3195 

0  08 

.0805 

2.40 

3.3195 

0  09 

.0&05 

2.50 

3.418 

0  08 

.082 

2.60 

8.5176 

0  08 

.  0824 

2.701 

3.6171 

0  09 

.0829 

3.  BO 

8.7163 

0  08 

.0838 

2.90 

3.8163 

0  09 

.0^•38 

3.00 

3.915 

0  10 

.080 

3.10 

3.0153 

0  09 

.0847 

3.30 

3.114 

0  09 

.086 

3.30 

3.3136 

0  08 

.  0864 

3.40 

3.313 

0  09 

.087 

3.50 

3.  4115 

0  09 

.0885 

3.60 

3.5133 

0  08 

.0877 

3.70 

3.611 

0  08 

.0^»9 

3.801 

3.711 

0  09 

.090 

3.90 

3.813 

0  08 

.088 

4.00 

.3.911 

0  06 

.089 

4.10 

4.0095 

0  08 

.0905 

4.90 

4. 1095 

0  08 

.0905 

4.30 

4.3086 

0  Old 

.0914 

4.40 

4.309 

0  08 

.091 

4.50 

4.4083 

0  08 

.0918 

4.60 

4.5078 

0  08 

.  0922 

4.70 

4.6071 

0  07 

.0929 

4.80 

4.  7075 

0  09 

.0025 

4.90 

4.808 

0  09 

1       .  092 

5.00 

4.9065 

0  08 

.0935 

5.101 

5.007 

0  07 

1      .094 

5.30 

5.1063 

0  08 

.  093f< 

5.30 

5.2066 

0  07 

.  OdM 

5.40 

;     5.3065 

0  07 

.  0935 

5.50 

5.  iOXi 

0  06 

.0947 

5.f0 

5.5064 

0  07 

.0936 

5.699 

5.6049 

0  07 

.0*41 

5.80 

5.705 

0  06 

.095 

5.90 

5.805 

0  07 

.  09r> 

6.00 

5.904 

0  Od 

.  096 

6.10 

6.004 

0  06 

'       .  O.'G 

6.20 

6.105 

0  09 

.095 

6.30 

6.204 

0  06 

.  oafi 

6.40 

6. 3037 

•       0  05 

.  01HJ3 

6.501 

6.4034 

0  07 

.  09:6 

6.60 

6.504 

0  OS 

.09H 

6.70 

6.604 

1          0  0-^ 

.096 

6.743 

(Broke.) 

0  03 

Remarks. 


Length  of  wire  between  clamps,  10  inohea ;  form, 
aqaare ;  annealed  at  a  temperatnre  between 
the  melting-points  of  bronze  and  copper. 
Measurement  of  cross-section,  0".3981  x  0''.3993 ; 
measurement  of  diagonals  before  twisting, 
0''.401  and  0".401 ;  measarement  of  diagonals 
after  twisting,  0".394  and  0".394 ;  contraction 
In  10  inches  of  length,  0".030. 


After  intermissio  1  of  one  hoar  torsion  stood 
1.3385. 
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Table  43. — Experiment  on  ihe  development  of  eJastic  resistance  and  reailience  hy  iomon. 
Wire  drawn  from  crucible  cast  steel  manufactured  by  Husseyj  JVelhs  4^  Co. 

[Mark,  H  TT  co  4.— Expetimeiit  No.  1354.] 
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36.25 
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3&00 
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41.46 
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1.40 

1.  :>o 
i.eo 

1.70 
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2.10 
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2.90 
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.0218 
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1.  0139 
1.113 

1.  2085 
1. 3067 
1.4065 
1.504 
1.6033 
1.700 
1.785 
1.883 
1.978 
2.0964 
2.1974 
2.2964 
2.394  ? 
2.495? 

2.  5935 
2.C932 
2,7917 
2.8917 
2.990 
3. 0915 
3. 1898 
3.2895 
3.389 

3.  4*9 
3.  5885 
3.687 
3.789 
3.  888 
3.  9878 
4.0865 
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4.2872 
4.3t<7 
4.489 
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9  00 

.023 

025 

.  0282 

0  12 

.033 

0  18 

.0424 

0  18 

.051 

0  IP 

.0584 

0  IS 

.0635 

0  14 

.0705 

0  13 

.0743 

0  12 

.0781 

0  10 

.0805 

0  10 

.083 

0  11 

.0861 

0  11 

.087 

0  12 

.0915 

.  0  11 

.093:J 

0.11 

.0935 

0  11 

.096 

0  10 

.  0967 

0  10 

.100 

0  09 

.115 

0  09 

.117 

0  09 

.122 

0  08 

.1026 

0  09 

.1026 

0  08 

.1036 

0  08 

.107 

0  09 

.105 

0  09 

.1065 

0  08 

.1068 

0  08 

.1083 

0  09 

.1083 

0  08 

.111 

0  09 

.1085 

0  08 

.  1102 

0  08 

.1105 

0  08 

.111 

0  08 

.111 

0  08 

.1115 

0  08 

.113 

0  08 

.111 

0  08 

.112 

0  08 

.1122 

.1135 
.113 
.  1128 
.113 
.111 


Ilemarks. 


Length  of  wire  between  clamps,  10  inches ;  form, 
sqoare ;  annealed  at  a  temperatare  between 
the  meltinff-point«  of  bronze  and  copper ; ! 
measurement  of  cross-section,  0.S989  x  0.300; ' 
measurement  of  diagonals  before  twistiDg, 
0. 4035  and  0. 403 ;  measnreroent  of  diagonals 
after  twisting,  0. 40O  and  0. 401 ;  contraction  in 
10  inches  of  length  con  Id  not  be  taken  because 
fracture  occurred  between  measuring-poiots. 


Saturday  ni^ht. 

Monday  morniug;  toraion  rel'^axod,  1.60. 


Did  not  again  raise  the  same  weight 
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Tablr  4A.— Experiment  on  the  development  of  elastic  reaistanoe  and  rettiliencf.  h\f  torsion. 
fl'ire  drawn  from  crucible  cast  steel  manufactured  by  the  Atlantic  Steel  Company. 

[Mark,  A  co  91.— Experiment  No.  1353.J 
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* 
m.  s. 

Turns. 

15.10 
19.69 

0. 0386 
0.050 

0.003 
0. 0159 

5  35 
0  38 

.0256 
.0341 

Length  of  wire  between  cUmpe,  10  inches ;  form, 

91.10 

0.10 

0.0614- 

0  15 

.03e« 

square;  annealed  at  a  temperature  between 

99.32 
94.37 

0.90 
0.30 

0.  1595 
0.9514 

0  15 
0  15 

.0405 
.0486 

the    melting-points   of  bronze   and   copper; 

26.30 

0.40 

0. 3465 

0  15 

.0535 

measurement  of  cross-section  0.3019  x  0.299 ; 

38.12 
1        99.90 

0.50 
0.60 

0.442 
0.5395 

0  12 
0  10 

.058 
.0605 

measurement  of   diagonals   before   twisting. 

31.31 

0.70 

0.636 

0  10 

.064 

0.406  and  0.409;   measnrement  of  diagonals 

39.61 
33.  «M 

0.80 
0.90 

0.7333 
0.8995 

0  09 
.    0  10 

.0667 
.0705 

after  twisting,  0.397  and  0.399 ;  contraction  in 

34.  9<) 

1.00 

0.997 

0  09 

.073 

10  inches  of  length,  0.035. 

35.89 

1.10 

1.094 

0  09 

.076 

36.72 

1.90 

1.193 

0  11 

.077 

37.54 

1.30 

1.990 

0  09 

.080 

. 

3^.99 

1.40 

1.319 

0  09 

.081 

39.00 

1.50 

1.418 

0  09 

.082 

39.63 

1.60 

1.517 

0  09 

.083 

40.39 

1.699 

1.614 

0  10 

.U85 

40.88 

1.80 

1.  7136 

0  09 

.0864 

41.38 

1.90 

1.8135 

0  08 

.0865 

41.95 

9.00 

1.911 

0  09 

.089' 

4.2.32 

2.10 

9.011 

0  09 

.089 

49.86 

2.90 

9.1107 

0  09 

.0893 

43.94 

9.30 

9. 9105 

0  08 

.0895 

43.60 

9.40 

9.3089 

0  10 

.0911 

44.08 

2.50 

9.4084 

0  09 

.0916 

44.48 

9.60 

9.5079 

0  09 

.0991 

44.86 

9.70 

2.6079 

0  09 

.0998 

45.17 

9.80 

9.707 

0  OS 

.093 

45.53 

2.90 

9.H069 

0  09 

.0938 

45i84 

3.00 

9.9045 

0  09 

.0955 

46.49 

3.10 

3. 0059 

0  09 

.0948 

46.69 

3.90 

3.1056 

0  08 

.0944 

i 

46l99 

3.30 

3.904 

0  08 

.096 

47.09 

a  40 

3.3025 

0  09 

.0975 

47.39 

3.50 

3.  40^5 

0  08 

.0975 

47.66 

a  60 

3.  5017 

0  09 

.0983 

47.93 

3.70 

3.601 

0  09 

.099 

48.90 

3.80 

3.703 

0  OS 

.097 

48.44 

3.90 

3.8093 

0  08 

.0977 

4^65 

4.00 

3. 9005 

0  08 

.0995 

48.82 

4.10 

3.9995 

0  08 
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9 

49.19 

4.90 

4.101 

0  08 

.099 

49.31 

4.30 

4.  1995 
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49.62 

4.40 

4.3005 

0  09 

.0995 

49.74 
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0  08 
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50.39 

4.60 
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0  09 

.100 

50.34 

4.:o 

4.599 

0  08 

.101 

50.36 

4.80 

4.6983 

0  09 

.1017 

50.50 

4.90 

4.7985 

0  09 

.1015 

50.67 

5.00 

4.8985 

0  09 

.1015 

50.89 

5.10 

4.  9988 

0  09 

.1019 

51.00 

5.90 

5  01)8 

0  08 

.102 

51.11 

5.30 

5.1977 

0  09 

.1023 

51.35 

5.40 

5.998 
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.109 

51.48 

5.50 

5.3968 

0  08 

.1039 

51.65 
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0  09 

.109 

51.79 

5.70 

5.597 

0  09 

.103 

51.94 
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.  1039 
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0  08 

.10.25 

* 

58.99 
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5.897 

0  08 

.103 

59.36 

&10 

5.997 

0  09 

.103 

59.47 

6.20 

6.097 

0  08 

.103 

52.57 

a30 

6.1965 

0  10 

.1035 

• 

59.68 

6.40 

6. '.^8 

0  09 

.1039 

59.80 

6.50 

6.396 

0  09 

.104 

6.515 

(Broke.) 

Without  again  raising  53  80  pounds. 
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Table  45. — Experiment  on  the  development  of  ela$fic  rettiafance  and  reiilience  by  tonion. 
Wire  drawn  from  crucible  C€Ut  ateel  manufactured  by  the  Atlantic  Steel  Company, 

[Mark,  A  co  138.— Experiment  No.  1356.1 


0)  a 

I* 
-i 


2 

to 


Lb9. 

14.60 
16.60 

laoo 

90.40 
21.15 
S2.17 
23.57 
2S.25 
26.91 
28.08 
29.40 
:)0.53 
31.61 
32.57 
33.33 
34.10 
34.81 
35.55 
36.  SO 
36.78 
37.37 
37.88 
38.38 
38.78 
39.29 
39.92 
40.34 
40.62 
41.04 
41.38 
4l.fi8 
41.98 
42.31 
42.72 
42.98 
43.33 
43w68 
43.96 
41.24 
44.55 
44.78 
«S.OO 
45.19 
45.83 
45.85 
45.98 


Torsion. 


^1 

d 


Tumt, 

0.0^26 

0.0385 

0.032 

0.050 

0.10 

0.90 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

1.00 

1.101 

1.20 

1.30 

1.40 

1.50 

1.60 

1.701 

1.80 

1.90 

2.00 

2.10 

S.20 

2.30 

2.40 

2.50 

S.60 

2.70 

2.80 

2.90 

3.00 

3.10 

a20 

3.30 

3.40 

a50 

3.60 

3.70 

3.80 

3.90 

4.00 

4.10 

4.20 


Twm$, 

O.OOl 

0.001 

0.0024 

0  016 

0.064 

0.161 

0.2559 

0.  3517 
0. 4478 
0.544 
0.6418 
0.739 
0.8375 
0.935 

1.  0333 
1. 1314 
1.2295 
1.3285 
1.427 
1.526 
1.624 
1.  724 
1.8223 
1.9213 
2.021 
2.12 
2.219 
2.319 
2.418 
2.517 
2.6165 
2.717 

'2. 8165 
2.9148 
3.  0139 
3.114 
3.2139 
a  315 
3.4119 
a  5133 
3.612 
3.712 
3.8118 
3.91 
4.010 
4.1165 


I 

Id 
"^ 

o 
« 

a 

H 


.  s. 
45 
40 
20 
25 
17 
17 
15 
12 
19 
11 
11 
12 
13 
12 
11 
10 
10 
10 
09 
09 
10 
10 
10 
10 
10 
09 
09 
09 
10 
09 
09 
09 
10 
09 
09 
09 
09 
09 
09 
09 
10 
09 
08 
10 
09 
09 


a 
o 


Tumt. 

.025 

.0*284 

.0296 

.0340 

.036 

.aio 

.0442 

.0483 

.0.528 

.056 

.0582 

.061 

.0625 

.065 

.0677 

.0686 

.0705 

.0715 

.073 

.074 

.076 

.076 

.0777 

.0787 

.079 

.080 

.081 

.081 

.0?2 

.083 

.0835 

.083 

.0835 

.0''59 

.0861 

.086 

.0861 

.085 

.0881 

.0H67 

.0^'8 

.088 

.  0882 

.09 

.09 

.0e35 


Remtrka. 


Length  of  wire  between  cUmps,  10  inchea ;  form, 
a(]aare;  annealed  at  a  temperature  between 
the  meUing-pointa  of  bronze  and  copper; 
meaaarement  of  crosa-aection,  0.996  x  0.995; 
meaaurement  of  diagonals  before  twistinjc. 
0.415  and  0.414;  meaaarement  of  dingooals 
after  twisting,  0.411  and  0.4115 ;  oontraction  io 
10  inchea  of  length,  0.040. 


Broke  without  raising  the  weight  again. 
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Table  46. — Experiment  on  the  development  of  elastic  resistance  and  resilience  by  torsion. 
Wire  drawn  from  Martin  steely  manufactured  by  the  New  Jersey  Steel  and  Iron  Company. 


« 

[Mark  a-Experiment  No.  1357.] 

•*» 

i 

«s 

1 

Torsion. 

o 

^1 

1^ 

4 

11 

^ 

Remarks. 

s-i 

m 

• 

|« 

S 

strain 
fr 

1 

1 

o 

1 

1 

Lbs. 

Turns. 

Turns. 

m.  s. 

Turns. 

13.43 

14.30 
14.58 

0.0244 

0.05 

0.10 

0.0025 

0.03*. 

0.0766 

3  00 
0  17 
0  09 

.0219 

.023 

.0;<34 

Length  of  wire  between  olani]>8  10  inches ;  form, 
square;  annealed  at  a  temperature  between 

14.94 

0.20 

0.172 

0  09 

.028 

the     melting-points  of  brouse   and   copper. 

15.60 

0.30 

0.3695 

0  09 

.0305 

Measnrement  of  cross-section,  0.301  x  0.3014  ; 

16.63 
17.58 

0.40 
0-50 

0.3688 
0.4655 

0  10 
0  10 

.0313 
.0345 

Bieasnrement  of  diagonals  before  twi8ting,0.399 

1«.47 

0.60 

0.5636 

0  10 

.0364 

and  0.396;    measurement  of  diasonals  after 

19.s)8 

0,20 

0.6614 

0  10 

.0:te^ 

twisting,  0.333  and  0.391 ;    contraction  in  10 

20.  U2 
20.79 

0.80 
0.90 

0.7595 
0.8583 

0  10 
0  10 

.0405 
.0417 

inches  of  length,  0.041. 

21.53 

1.00 

0.9567 

0  (J9 

,0433 

22.24 

1.10 

1.0545 

0  09 

.0455 

22.81 

1.199 

1.  152 

0  08 

.047 

23.42 

1.30 

1.3517 

0  09 

.0483 

23.97 

1.40 

1.351 

0  09 

.049 

24.55 

1.50 

1.  4495 

0  09 

.  0:.05 

2.\05 

1.60 

1.5495 

0  09 

.0505 

2&51 

1.70 

1.6475 

009 

.0525 

25.91 

i.m 

1. 7466 

0  09 

.0534 

26.41 

1.90 

1.  8463 

0  09 

.0538 

26.77 

2.00 

1.9435 

009 

.0565 

27.20 

2.10 

2.04.35 

0  09 

.0.'>«5 

27.57 

2.30 

3.1425 

0  09 

.0575 

27.96 

2L30 

2.342 

0  09 

.058 

2H.3S 

2.40 

8.343 

0  08 

.058 

t        26.68 

3.50 

8.  4415 

0  08 

.0.585 

29.00 

2.601 

2.543 

0  09 

.059 

29.32 

2.70 

3L640 

0  06 

.060 

29.63 

2.80 

2.738 

,     0  08 

.062 

29.94 

2.90 

8.838S 

0  09 

.0615 

30.29 

3.00 

2  939 

0  09 

.061 

30.52 

3.10 

3.0393 

0  09 

.0608 

0 

30.77 

3.20 

3.  i:i85 

0  09 

.0615 

31.15 

3.30 

3.23d 

0  09 

.062 

31.30 

3.40 

3.3372 

0  09 

.0B28 

31. 5o 

3.50 

a  4.17 

0  08 

.063 

31.79 

3.60 

a  5373 

0  09 

.0627 

32.05 

3.70 

a  6365 

0  09 

.06.35 

32.32 

3.80 

a  735 

0  09 

.ot;5 

32.59 

3.90 

a  835 

0  09 

.065 

32.81 

4.00 

a  9345 

0  09 

.0(>65 

32.96 

4.10 

4.0337 

0  09 

.0663 

33.27 

4.30 

4.134 

0  08 

.Wi6 

33.42 

4..')0 

4.2.34 

0  08 

.  066 

31163 

4.40 

4.  sxaa 

0  08 

.0»>65 

33.^ 

4..'>0 

4.4325 

0  09 

.0675 

34.03 

3.60 

4. 5335 

0  09 

.0665 

34.32 

4.70 

4. 632 

0  08 

.068 

34.41 

4  80 

4.732 

0  09 

.068 

34.59 

4.899 

4.832 

0  08 

.067 

34.73 

5.00 

4.  9315 

0  08 

.0685 

34.90 

Si  10 

5  031 

0  08 

.069 

35.06 

5.20 

5. 1315 

0  08 

.0685 

35.23 

5.30 

5.2313 

0  08 

.0687 

X 

35.44 

5.40 

5a309 

0  06 

.0691 

35.54 

5.50 

5.429 

0  08 

.071 

35.69 

5.60       ^ 

5.  .'>305 

0  08 

.0695 

35.64 

5.70 

5.6305 

0  68 

.0695 

35.96 

5.80 

5  730 

0  08 

.070 

36.10 

5.90 

5.829 

0  08 

.071 

36.32 

6.00 

5.939 

0  09 

.071 

36.53 

6.10 

6.029 

009 

.071 

36.64 

6.30 

6.130 

0  08 

.070 

36.83 

6  30       . 
6.40      * 

6.3295 

0  08 

.0705 

36.92 

6. 3295 

0  08 

.0705 

37.00 

6.50 

6.4385 

0  08 

.0715 

37.11 

6.60 

6.53r<5 

0  08 

.0715 

37.34 

6.70 

6.638 

008 

.073 

I 
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Table  46. — Experiment  on  the  development  of  elastic  reeietance,  <f*c.,  of  a  wire  drawn  from 
Martin  sieelf  manufactured  by  the  New  Jersey  Steel  and  Iron  Company — ^Continaed. 

(Mark  O.— Bxperiment  No.  1537.] 


1 

Torsion. 

O 

a 

o 

->; 

if 

• 

a 

8^ 

=S5 

^  9 

1 

1 

1 

a 

• 

Tinieof  app 

ttraJ 

• 

8 

1 

1 

Turns. 

Remarks. 

Lbs. 

Turns. 

Turns. 

m.  s. 

37.39 

6.80 

6.7283 

0  07 

.0717 

37.40 

6.90 

6.6265 

0  08 

.0735 

37.50 

7.00 

6.928 

0  06 

.072 

37.  ."W 

7.10 

7.0873 

0  06 

.0727 

37.71 

7.201 

7.1275 

0  06 

.0735 

37.81 

7.30 

7.2273 

0  08 

.0725 

3.60 

(Broke.) 

0  05 

1 

Did  not  raise  the  weight  again. 
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Tablr  47. — Experiment  on  the  development  of  elastic  resistance  and  resilienoe  hff  torsion. 
Wire  drawn  from  Hay  lor  if  Co,*s  ''  best  cast  steel,^*  {for  tooU^)  |*incA  hamm/ered  bar, 

[Mark,  N  co  T«  1.— Experiment  No.  13Sd.] 


■^ 

^ 

J 

Torsion. 

0 
a 

^  u 

•si 

. 

0 

• 

1 

^1 

• 

Remarkt. 

i'a 

a 

•d 

•s 

§ 

u 

1 

•s 

s 

2 

CO 

•a 
a 

•3 

1 

IM. 

Turns. 

Twrna. 

m.  9. 

Twma. 

1&45 

0.0365 

0.0088 

4  30 

.0297 

Length  of  wire  between  olampn,  10  inches ;  form, 

17.81 
ia88 

o.o.w 

0.10 

0.  0178 
'  0.0648 

0  19 
0  14 

.0372 
.0452 

sqnare;   annealed   at  a  temperature  between 

21.64 

0.20 

0.151 

0  20 

.049 

the  melting-points  of  bronse  and  copper.   Meas- 

24.80 

0.30 

0.241 

0  16 

.059 

urement    of    cross-section.    0.2986    x    0.300; 

S7.T1 
30.00 

0.40 
0.50 

0.3328 
0.4263 

0  21 
0  22 

.0672 
.0737 

measurement  of    diagonals  before   twisting, 

32.15 

0.60 

0.5195 

0  17 

.06U5 

0.413  and     0.413;   measurement  of  diagonals 

34.03 

0.70 

0.614 

0  16 

.086 

after  twisting,  0.411  and  0.411 ;  contraction  in 

35.45 

1        36. 72 

37.86 

0.80 
0.90 
1.00 

0.710 

0.8069 

0.904 

0  13 
0  12 
0  10 

.090 

.0931 

.096 

10   inches  of  length,  0.087.    Specimen  being  a 
little  winding  the  venier  could  not  be  set  at 

38.74 

1.10 

1.003 

0  10 

.098 

0. :  set  at  .005. 

39.66 

1.20 

1.101 

0  10 

.099 

40.  4«) 

1.30 

1.1972 

0  10 

.0128 

41.00 

1.40 

1.295 

0  09 

.105 

41.71 

1.50 

L3933 

0  10 

.1067 

4144 

1.60 

1.4935 

0  10 

.1065 

42.90 

1.70 

1.591 

0  09 

.109 

'        4a  49 

L80 

1.690 

0  09 

.110 

43.91 

tflO 

1.790 

0  09 

.110 

44.37 

2.00 

1.889 

0  09 

.111 

44.95 

9L10 

x«  4K94 

0  09 

.116 

45^37 

2.201 

2.0877 

0  08 

.1133 

45l69 

2.30 

2.160 

0  09 

.140 

46.00 

2.40 

2.2855 

0  10 

.1145 

46w53 

2.50 

2.3845 

0  09 

.1155 

' 

46.01 

9L60 

2.4837 

0  09 

.1163 

47.  41 

2.70 

2.585 

0  09 

.115 

47.  6d 

2.80 

2.683 

0  09 

.117 

47.92 

2.90 

2L782 

0  10 

.118 

48.42 

3.00 

2.882 

0  10 

.118 

48.59 

3.101 

2.9817 

0  09 

.1191 

% 

4&90 

3.20 

a  0615 

0  08 

.1185 

49.18* 

3.30 

a  181 

0  09 

.119 

49.50 

3.40 

a  280 

0  09 

.120 

49.77 

3.50 

a  380 

0  09 

.120 

50.00 

3.60 

a4H09 

0  08 

.1191 

50.54 

a  70 

a  5805 

0  09 

.1195 

a  769 

(Broke.) 

005 

Did  not  raise  weight  again. 
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Tablk  48. — Erperimnt  on  ilie  dereJopment  of  elastic  resistance  and  resilienee  hy  tfirmn. 
fV  ire  drawn  from  cenieined  cast  stael  rnanafactured  for  test  and  famished  hjf  Messrs.  JNA^or 
4'  Co. 

[Mftrk,  N  00 1  S.^Experiment  No.  1359.] 


1 

Torsion. 

C: 

a 

1                                              1 

led  1 
enter. 

ilicatio 
in. 

1 

1 

la 

i 

^s 

• 

Bemarka. 

1 

1 

M 

a 

0        ■ 

3 
1 

a 

H 

1 

1 

IA>». 

Turns. 

Tarns. 

m.  s. 

J\ims, 

13.00 
15.00 

0.0245 
0.050 

0.0028 
0.025 

4  00 
0  20 

.0113 
.025 

LenfTth  of  wire  between  clftmps,  10  inches ;  form. ' 

15.31 

0.10 

0.070 

0  10 

.030 

square;    annealed  at  a  temperature  between 

icje 

0.90 

a  1655 

0  15 

.  0:M5 

the    meltins>point«   of   bronso   and    copper. 

16.99 

0.30 

0.2585 

0  16 

.0415 

20.fc'5 

0.40 

0.35:)8 

0  16 

.0462 

Mcasarement  of  crofM-section,  0.3014  z  0.303^; 

S2.72 

0.50 

0.450 

0  15 

.  or>o 

meaeorement  of  diagonals    before   kwistiDg, 

24.  17 
25.65 

0,60 
0.70 

0.5445 
0.642 

C  13 
0  11 

.0555 
.058 

0.409  and  0.4097 ;    measarement  of  diagooals 

26.85 

0.80 

0.739 

0  10 

.061 

after  twistins,  0.404    and  0.404;  oontractioD 

27.85 

0.901 

0.837 

0  09 

.064 

C^'                                                                                     * 

28.85 

1.00 

0.934 

0  09 

.066 

in  10  iDohes  of  length,  0.047. 

29.70 

1.10 

1.0317 

0  10 

.0683 

30.50 

1.90 

1.130 

0  09 

.070 

- 
• 

31.22 

1.30 

1.928 

0  10 

.079 

31.90 

1.40 

1.3263 

0  09 

.0737 

32.62 

1.50 

1.4267 

0  09 

.0733 

33.00 

1.60 

1.525 

0  09 

.075 

33.60 

1.70 

1.6935 

0  09 

.0775 

34.14 

1.80 

1.722 

0  12 

.078 

34.53 

1.90 

1.821 

0  10 

.079 

S.'i.OO 

9.00 

1.920 

0  09 

.080 

3.*^  54 
35.95 

9«10 
2.20 

8.0195 
9.1185 

.0805 
.0815 

6  09' 

36.:iO 

2.30 

9.9179 

0  09 

.0821 

36.74 

2.401 

9.3175 

0  09 

.08:» 

37.14 

2.50 

9.4163 

0  09 

.0837 

37.46 

2.60 

2.5169 

•  09 

.0838 

37.80 

2.70 

9.615 

0  09 

.085 

38.17 

8.80 

9.7149 

0  09 

.0851 

38.49 

9.90 

9.8149 

0  09 

^0851 

38.87 

3.00 

9.913 

0  09 

.ae7 

39. 14 

a  10 

a  0136 

0  09 

.0864 

39.50 

3.90 

aiii5 

0  09 

.  0885 

♦ 

.19.67 

a  30 

a  2113 

0  08 

.0887 

40.40 

3.40 

a  3110 

0  09 

.6890 

40.24 

3.50 

a  410 

0  09 

.090 

40.57 

3.60 

a  510 

0  09 

.090 

40.80 

a  70 

3.609 

009 

.091 

41.00 

a8o 

a  710 

0  10 

.090 

41.30 

aoo 

a809 

0  10 

.091 

41.47 

4.00 

a909 

0  09 

.091 

41.73 

4.10 

4.00! 

0  09 

.10 

41.  »5 

4.20 

4.108 

0  09 

.099 

42.44 

4.30 

4.9074 

0  10 

.0924 

42.57 

4.40 
4.50 

4.3073 

0  10 

.0927 

48.76 

4.408 

0  09 

.099 

42.94 

4.60 

4.508 

0  09 

.092 

43.20 

4.70 

4.6076 

0  09 

.0924 

43.40 

4.80 

4.7069 

0  09 

.0931 

43.57 

4.90 

4.8064 

0  09 

.0936 

43.69 

5.00 

4.9050 

0  08 

.0150 

4.^87 

5.101 

5.005 

0  09 

.095 

44.00 

5.20 

5.1045 

0  10 

.09.'i5 

1 

44.25 

5.30 

5.2043 

0  09 

.0957 

44.34 

5.40 

5.306 

0  09 

.094 

5.419 

(Broke.) 

0  05 

Did  not  again  raise  the  weight 
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Tablk  49. — Experiment  on  the  development  of  elastic  reaintance  and  resilience  by  torsion, 
}}ire  drawn  from  iron  for  "  gunsorew  wire,"  manufactured  by  the  Trenton  Iron  Company, 

[Mark,  C  H  co  5 1.— Experiment  Xo.  1360.] 


Torsion. 

^ 

•§1 

a 
•*■  a 

• 

;=  a 

«a 

a 

1 

1 

i 

Bemarka. 

^  p 

tm 

o 

« 

Strnii 
fi 

a 

^2 

Pi 

B 

•*« 

1 

1        Lbs. 

Turns. 

Tarnn. 

m. ». 

Tum». 

9.33 

O.O-ilo 

0.  00:i2 

4  00 

.  018.1 

hemg^h  of  wire  between  clampe,  10  Inchee.  Form, 

10.  4tl 

Oi050 

0.  U305 

0  32 

.0195 

10.70 

0.  150 

0.  139 

0  20 

.021 

■qnare ;  annealed  at  a  temperatnre  between 

11.00 
11.  e3 

0.20 
0.J0 

0. 1778 
0. 274 

0  08 
0  13 

.0333 
.036 

the    meltinf^-pointa  of  bronze   and    copper. 

U.  67 

0.40 

0. 37:« 

0  10 

.0261 

Meaaarement  of  cross  seotiou,  0.2918  x  0.2917  ; 

13.37 
14.00 

0.50 
O.HO 

0.  4719 
0.  5<JS»5 

0  10 
0  10 

.0281 
.0305 

measurement  of  diagonals  before  twisting, 

14.68 
15.31 

0.70 

O.HO 

0.()68 
0.768 

0  10 
0  10 

.032 
.032 

0.393  and  0.391 ;  measurement  of  diagonals  after 

1         15.  t2 

0.90 

0.  86.~>5 

0  10 

.0345 

twisting;,  0.386  and  0.389;    contraction  in  10 

t        16.34 
16.84 

1.00 
1.10 

0.  965 
1.06J3 

0  10 
0  11 

.035 
.0368 

inches  of  length,  0.032. 

17.34 

L20 

1. 162 

0  U 

.038 
.038 

17.79 

1.30 

1.260 

0  10 

• 

18.30 

1.40 

1.  :«U5 

0  10 

.0405 

Id  66 

1.50 

1.  i5y 

0  10 

.041 

19. 10 

l.tiO 

1.  5.V5 

0  10 

.0415 

19.45 

1.70 

1.  6573 

0  10 

.0438 

19.87 

1.80 

1.757 

0  10 

.043 

90.35 

1.899 

1.^56 

0  10 

.043 

3i.00 

2.00 

1. 957 

0  12 

.043 

3-2.00 

3.10 

2.  056 

0  10 

.044 

21.  83 

3.30 

2.153 

0  09 

.047 

,        31. 9H 

2.   0 

2. 2513 

0  08 

.0482 

23.37 

3.40 

2. 3514 

0  09 

.0486 

1        32.53 

3.50 

2.4505 

0  08 

.0495 

<        33  84 

3.60 

3  5505 

0  08 

.0495 

1        33.00 

2.70 

2.6493 

0  09 

.0508 

>        23.39 

3.80 

2.  7491 

.    0  08 

.0509 

1        33.55 

2.  DO 

2.  8488 

0  08 

.0513 

!        33.79 

3.00 

2.948 

0  08 

.053 

1        24.00 

3.  10 

3.0475 

0  08 

.0525 

24.  t7 

a  30 

3.  1476 

0  09 

.0524 

'        24.53 

3.:)0 

.3. 2468 

0  08 

.0533 

24.71 

3.40 

3.3468 

0  08 

.0.'S32 

34.93 

.150 

3.446 

0  07 

.0.M 

35.19 

3.60 

a  546 

0  08 

.054 

35.38 

3.70 

3.  6453 

0  08 

.0547 

35.56 

3.^0 

a  7453 

0  08 

.0547 

35.9tj 

aoo 

a  845 

0  07 

.055 

36.15 

4.00 

a  9436 

0  10 

.0564 

26.43 

4.10 

4.0415 

0  08 

.0.^55 

26.60 

4.20 

4.144 

0  09 

.056 

36.79 

4.30 

4.2438 

0  OH 

.0562 

36.93 

4.40 

4.343 

0  07 

.057 

37.06 

4.50 

4.446 

0  07 

.054 

m 

27.33 

4.60 

4.  542 

0  08 

.058 

27.4^ 

4.70 

4.  6413 

0  08 

.0.%87 

87.57 

4.80 

4.  7405 

0  08 

.0595 

37.73 

4.90 

4.841 

0  07 

.059 

• 

27.90 

5.00 

4.940 

0  08 

.060 

2a  16 

5.101 

5.040 

0  09 

.061 

28.31 

5.20 

5.141 

0  08 

.059 

• 

28.42 

5.  .10 

5.24 

0  08 

.06 

28.55 

5.40 

5.34 

0  08 

.06 

28.64 

5.50 

5.439 

0  08 

.061 

28.88 

4.60 

5.5.39 

0  08 

.061 

28.98 

5.70 

5.6J9 

0  08 

.061 

■        29.06 

5.80 

5.739 

0  08 

.061 

29.21 

5.90 

5.839 

0  08 

.061 

39.30 

6.00 

5. 9385 

0  07 

.0615 

S».38 

6.101 

6. 0385 

0  07 

.0615 

29.53 

6.20 

6. 1385 

0  08 

.0615 

29.70 

6.30 

&336 

0  09 

.064 

1       99.80 

6.40 

6.3375 

0  08 

.0625 

• 
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Tablk  49. — Experiment  on  the  development  of  elMtio  reeistanoe,  tf-c,  of  a  wire  drawn  from 
iron  for  "  gun-scretv  tvire,"  manufactured  by  the  Trenton  Iron  Company — Continued. 


Torsion. 


Turnt. 
6.  SO 
6.60 
6.70 
6.80 
6.8515 


o 

d 

o 

« 

1-3 

o 


i 

o 

& 

S 

Twmt. 

m.  9. 

6. 4378 

0  09 

6.537 

0  08 

6.6J75 

0  09 

6.rn5 

0  09 

(Broke.) 

0  05 

Turns. 
.0622 
.063 
.0e25 
.062.^ 


Remarka. 
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TABf.K  50.— ^jycrimeMf  on  the  development  of  elastic  resistance  and  resilience  by  torsion. 
Wire  drawn  from  Lake  Superior  copper,  refined  and  rolled  at  the  iVaskington  navy-yard, 

[Ezperinient  No.  1361.] 


J 

Torsion. 

tion  of 

^  li 

. 

^1 

• 

Id 

1^ 

a 

1 

V 

i 

a 

el 

S 

1 

£ 

2 

a 

S 

a 

H 

1 

Lht. 

Turns. 

Turns. 

m.  8. 

Turns. 

S.25 

0. 0-242 

0.015 

3  00 

.0092 

2.71 

0.05U 

0.038 

0  16 

.012 

3.13 

0.10 

0.087 

0  11 

.013 

a67 

0.80 

0.184 

^  17 

.016 

4.31 

0..10 

0.3815 

0  14 

.0185 

4.5e» 

0.40 

0.379 

0  16 

.021 

SlOO 

0.50 

0.4775 

0  14 

.0225 

5.43 

0.60 

0.5774 

0  15 

.0226 

5.16 

0.70 

0. 6745 

0  12 

.OiW 

6u3a 

0.80 

0.773 

0  14 

.037 

&44 

0.90 

0.872 

0  12 

.028 

«.78 

l.Ot) 

0.9695 

0  12 

.0305 

7.08 

1.10 

1.0675 

0  12 

.  o:w5 

7.40 

1.20 

1.168 

0  10 

.032 

7.69 

1.30 

1.3668 

0  13 

.0332 

7.96 

1.40 

1..166 

0  13 

.034 

&34 

1.50 

1.465 

0  13 

.035 

&5S 

1.60 

1.563 

0  10 

.037 

a  75 

1.70 

1.6628 

0  10 

.  0372 

9.05 

1.80 

1.762 

0  10 

.o:« 

9.34 

1.90 

1.8615 

0  09 

.0385 

9.4d 

2.00 

1.9613 

0  09 

.0387 

9.70 

3.10 

2.060 

0  09 

.040 

9.90 

2.20 

3.1595 

0  09 

.C40S 

10.10 

3.30 

2.259 

0  10 

.041 

10.33 

2.40 

2.a'i75 

0  10 

.0425 

10.52 

3.50 

3.4583 

0  09 

.0418 

10.73 

2.60 

3.5578 

009 

.0423 

10.89 

3.70 

3.6573 

0  10 

.  0427 

11.31 

3.90 

8.8553 

0  13 

.0447 

11.37 

3.00 

3.956 

0  10 

.044 

11.54 

3.10 

a  0545 

0  09 

.0455 

11.72 

3.20 

a  1539 

0  09 

.0461 

11.89 

3.30 

a  8535 

0  09 

.0465 

13.09 

a  40 

a  353 

0  08 

.048 

12.18 

3.50 

a  4525 

0  08 

.0475 

12.33 

a  601 

a  .'S534 

0  09 

.0476 

18.47 

a  70 

a  6512 

0  08 

.0488 

13.61 

a  80 

a  751 

0  09 

.049 

13.75 

a  90 

a  851 

0  08 

.049 

13.87 

4.00 

a  950 

0  09 

.050 

13.01 

4.10 

4.050 

0  09 

.050 

13.11 

4.80 

4.150 

0  09 

.050 

13.38 

4.30 

4. 2495 

0  08 

.0505 

13.40 

4.40 

4. 34^5 

0  09 

.0505 

13.54 

4..-0 

4.4495 

0  09 

.0505 

ia03 

4.60 

4.549 

0  08 

.051 

13.74 

4.70 

4.685 

0  09 

.015 

13.85 

4.80 

4.785 

0  08 

.015 

ia98 

4.90 

4.H88 

0  08 

.011 

14.06 

5.00 

4.948 

0  08 

.052 

14.16 

5.101 

5.0475 

0  08 

.0525 

14  33 

5.80 

5. 1474 

0  08 

.0536 

14.39 

5.30 

5.247 

008 

.053 

14.47 

5.40 

5.3478 

0  08 

.0528 

14.55 

5.50 

5.4468 

0  08 

.0532 

14.64 

5.60 

5.5460 

0  06 

.0531 

14.71 

5.70 

5.6455 

0  08 

.0545 

14.80 

.\'80 

5.746 

0  09 

.054 

14.90 

5.90 

5.8465 

0  09 

.0535 

14.98 

6.00 

5.9469 

0  09 

.0531 

15.07 

6.10 

6.045 

0  09 

.055 

15.11 

6.30 

6.14H 

0  08 

.054 

15.19 

6.30 

6. 245 

0  09 

.055 

15.37 

6.40 

6.34  45 

0  08 

.0555 

15.36 

6.50 

6.415 

0  09 

.055 

15.46 

6.599 

6.5443 

009 

.0547 

15.49 

•  6.70 

6.644 

0  08 

.056 

15.53 

1  6.80 

I  6.743 

008 

.057 

Remarks. 


Length  of  wire  between  olamps  10  iucliee ;  form , 
sqaare;  annealed  at  a  temperature  between 
the  melting-pointa  of  bronze  and  copper. 
Measarement  of  crow-seotiou,  0.3946  x  0.393 ; 
measuremeut  of  dlagoaals  before  twisting, 
0.395  and  0.39553;  measarement  of  diagonals 
after  twisting,  0.388  and  0.3885;  contraction 
in  10  inches  of  length,  0.30. 

Several  small  seams  show  at  different  places. 


Missed  strain  at  torsion  of  8.80. 
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Table  50. — Experiment  on  the  development  of  elastic  resistance,  Jjrc^of  a  mre  drawn  from 
Lake  Superior  copper,  refined  and  rolled  at  tlie  Washington  navy-yard — UoutiDaed. 


** 

v« 

J 

Torsion. 

O 

.2 

iM   U 

•4 

_^  * 

li 

tn 

mm 

Ih 

B 

•a 

11 

1 

Remarks. 

• 

r- 

I 

•a 

a 

& 

« 

a 

• 

Lbs. 

Turns, 

• 
Tarns. 

m.s. 

Ttirns. 

15.39 

6.90 

6u8435 

009 

.0563 

15.65 

T.OO 

6.9435 

Q  09 

.0565 

15.73 

7.10 

7.0435 

0  09 

.0565 

15  79 

7.90 

7.1435 

0  08 

.0565 

15.84 

7.  JO 

7. 3437 

0  08 

.0503 

15.88 

7.40 

7.343 

0  08 

.057 

15.  Ihi 

7.50 

7.443 

0  08 

.058 

16.00 

7.60 

7.5435 

0  08 

.0563 

16.05 

*7.65 

(Broke.) 

♦0  05 

Aboat. 
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Table  51. — Experiment  on  the  development  of  elastio  resistance  and  resilience  by  torsion, 
Wire  drawn/rom  Martin  stent  manufactured  by  the  Xtno  Jersey  Sted  and  Iron  Company. 

[Murk,  C  J.— Experiment  No.  1363.] 


«» 

%4 

% 

Torsion. 

o    ^ 

1 

§ 

"St 

1       •*  u 

ll 

art 

U 

•s.« 

P 

ll 

• 

Bemarkt. 

in  ap 
from 

"i 

i« 

1 

% 

i 

o 

s 

1 

00 

ea 

1 

•^ 

1 

Xftf. 

Turns, 

Turns, 

m.  s. 

Turns. 

13.83 

0.028 

0.003 

4  45 

.015 

Length  of  wire  between  olamps,  10  inches:  form, 

14.00 
l&OO 

0.038 
0.035 

0.0035 

aoo8 

0  90 
0  10 

.0145 
.027 

square ;  annealed  at  a  temperature  between  the 

16.00 

0. 0.*)} 

0. 0213 

0  15 

.0307 

meltiag-points  of  bronze  and  copper.    Meas- 

17.00 

0. 169 

0. 132 

0  57 

.037 

urement    of   oross-seotion,   0.9984    x   0  2997; 

]&00 
19.00 

aS245 
0.283 

0.187 
0.242 

0  30 
0  25 

.0375 
.041 

measurement   ot  diagonals  before   twisting, 

SO.  00 

0.337 

0.294 

0  11 

.043 

0.401  and   0.401 ;   measurement  of   diagonals 

31.00 

0.401 

0.355 

0  15 

.046 

after  twisting,  0.3985  and  0.3975 ;  contraction 

1       22.00 
23.00 

a  472 
0.490 

0.4238 
0.489 

0  16 
0  12 

.0482 
.001 

in  10  inches  of  lengthy  0.050.     Annealed  at 

24.00 

a  621 

0.5679 

0  22 

.0631 

the  same  time  with  Ko.  1353. 

25.00 

0.700 

0.644 

0  19 

.056 

26.00 

0.792 

0.7335 

0  20 

.05(^5 

27.00 

0.880 

0.8195 

0  18 

.0605 

2a  60 

0.993 

0.9285 

0  20 

.0645 

29.00 

1.108 

1.040 

093 

.068 

30.00 

1.2:i8 

1.170 

0  27 

.068 

31.00 

1.378 

1.3069 

0  27 

.0711 

32.00 

1.526 

1.452 

0  31 

.074 

33.00 

1.697 

1.6185 

0  .10 

.0785 

34.00 

1.879 

1.801 

0  32 

.078 

35.00 

9.088 

9.0079 

0  50 

.0801 

36.00 

a.;o7 

2.9555 

0  40 

.0H15 

37.00 

2.575 

9.4919 

0  34 

.0831 

3a  00 

2.858 

9.3317 

0  43 

.0863 

39.00 

3.140 

3.0518 

0  39 

.0882 

40.00 

a  477 

3.388 

0  45 

.089 

41.00 

3.818 

3.728 

0  50 

.090 

42.00 

4.249 

4.157 

0  50 

.092 

43.00 

4.708 

4.614 

1  03 

.094 

44.00 

&229 

5.1.39 

1  15 

.097 

' 

5.367 

(Broke.) 

0  90 

Did  not  raise  45  lbs.;  oontraotion  in  length,  .050. 

1 

• 
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Table  b2.— GUNPOWDER  TESTS 


Mark  on  8poci- 
vaeo  designat- 
ing. 


a 
o 
a 


a 

s 


2 
3 
4 

5 

6 
7 

8 

9 
10 
11 
12 
13 
14 

15 
16 

17 

18 


19 
20 
21 
22 


eS 


CQ 

Ncol 

CHoo4S... 

BB 

BB 

BB 

A.C02 

A  oo5 

CK 

CSoo5 

C  Sco9*... 
H  Wco4.... 
T  co3*  .... 
T  CO  6  « 

(Hard-drawn 

copper.) 
A  oo  "^  3t(  • . . 

A  oo76  )|  ... 


BF 

BM 

BSoo»5. 
CR 


2 

o 

a 


a 
o 


B 

s 


Inches. 
.29b4  X  .2988 

.2895  z  .2925 
.2915  X  .2975 
.3011  X. 3012 
.3011  X  .3012 

.3011  X  .3012 
.2972  X  .2992 

.2995  X  .2981 


.2978  X 
.295  X 
.3014  X 
.305  X 
.2995  X 
.300   X 

.2J»78  X 
.2953  X 


.2990 

.297 

.302-2 

.295 

.301 

.3007 

.2989 
.2957 


.297    Z.296 
.3962  X. 2965 


.'3023  X  .3025 
.3016  X  .3043 
.2989  X  .2988 
..102    X.299 


•8 

•mm 

£ 

0 


1  OB.  cannon 


a 

s 


M 
JS 

0 
O 


Preaanre  indi- 
cated— 


S 


do 

....do 

. ..  .do 

1.5  oz.  can- 
non. 
...do 

loz.  cannon 


l02.maaket 

....do  .... 

. ...do  .... 
...do  .... 

...do . 

...do  .... 


..do 
..do 

...do 

..do 


..do  ., 
..do . 
..do  . 
..do  ., 


Copper , 


. , .do  .. . . 
Zinc  and 

tin. 
. . . do 


...do 
Tin  . 
...do 
...do 
...do 
...do 


Tiemt, 


2.60 

2.60 
1.70 


.a 
o 

a 


Lb$. 


i 

a 

•*» 
o 

s 

i 

o 

8 


Lbs. 


.do  ., 
.do  .. 

■do  .. 

do.. 


.do 

.do 

.do 

do 


1.60 

1.85 
3.00 
3.00 
2.98 
2.75 
3.18 

2.58 

2.20 

2.90 

2L62 

2.80 
3.09 

2.2:) 
2.60 

7,680 

7,680 

1,788 

1,710 

2.040 
1.032 
1,032 
1,026 
906 
1,116 

634 
64d 

990 

858 


936 

1,068 

678 

846 


28,247 

28.247 
6,576 

6,289 

7,503 
3.796 
3,796 
3,774 
3,332 
4,105 

3,067 
2.383 

3,641 

3,156 


3,443 
3,92') 
2.494 
3,111 


Elongation — 


a 


Inehet, 
0.448 

1.014 
0.360 


I 

0 

«» 


In^ea. 


0.225  I 
0.3^ 


0.635 
0.537 

0.682 

0.550 
0.316 
0.264 
0.350 
0.  437 
0.218 

0.999 
0.267 


6160 


.778 
.161 


.242  and  .395 

.349   and  .333 

.315  and  .235 
.162  and  .154 
.155  and  .109 
.175  and  .175 
.216  and  .231 
.107  and. HI 

.492  and  .507 
.900  and  .067 

J41 

.312Saad.3045 


.366  and  .413   i 
.082  and  .079   ' 

.513-1-1 
.321    ' 
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compared  tvith  tensile  and  torsional  tests. 


•8 

i 

a 

A 

§ 

g 

t 

S 

I 

s 

o 

1 
1 

h 

1 

CI  ^ 

S 

bs 
3 

i 

si 

1 

a 

It 

II 

a 

8 

a 

1 

.a 

OP 

Remarks. 

B  £ 

is 

1 

5 

•Si 

II 

2-3 

tt- 

o 

** 

3 

§ 

0 

1 

1^ 

1^ 

bc 

1 

•8 

Jncft«». 

Per  et 

Peret. 

Perct. 

PercL 

Lbs. 

Lbs. 

.240   X  .240 

14.91 

47.93 

48.45 

0.594 

Broke  outside  the  marks, 
near  an  oater  one. 

'  .147    X  .137 

33.76 

76.41 

28.56 

59.58 

4,050 

30.74 

1.116 

Broke  outside  the  marks. 

.374    X  .2755 

11.98 

15.91 

14.14 

36.39 

8.300 

50.14 

.751 

Was  not  part«d. 

l.'i.OO 
91.86 

21.14 

17.88 

14.68 

24.95 

8,300 

53.87 
55.87 

56.40 
52.87 

.761 
.785 

.759 
.712 

Broke  between  marks. 
Do. 

Broke  oatside  the  marks. 
Was  not  parted. 

.2698  X  .970 

16.78 

12.18 

35.30 

7,930 

.245   X  .244 

22.71 

dl.20 

12.16 

34.47 

8,190 

93.91 

.733 

Broke  within   the   marks, 
near  an  outer  one. 

.256   X  .257 

18.31 

24.89 

12.35 

3.'S.06 

8,100 

55.81 

.789 

Did  not  part. 

.277   X  .2795 

10.52 

11.76 

9.03 

40.67 

7,800 

50.54 

.589 

Broke  ;  extended  evenly. 

.285   X  .290 
.27«    X  .277 

8.79 
11.65 

15.05 
16.40 

61.45 
57.26 

.373 
.730 

Did  not  break. 
Do. 

5.83 

44.73 

8,300 

.236    X  .238 

14.55 

37.67 

10.06 

38.50 

8,380 

50.70 

.472 

Broke. 

.289   X  .293 

7.25 

6/67 

.    65.99 

.2765 

Did  not  break;  stretched 
evenly. 

.207   X  .208 
.192   X  .192 

33.30 
a89 

51.63 
57.46 

40.98 
21.01 

1.157 
.929 

Broke. 

Broke ;  little  extension  ex- 
cept near  place  of  fracture 

Broke  within  the  marks, 
near  an  outer  one. 

• 

.206   X  .208 

51.31 

46.46 

.691 

220   X  .222 

90.51 

44.54 

16.18 

42.87 

7,340 

47.69 

.686 

Broke  in  two  places,  ont- 
side  the  marks,  near  the 
oater  cues. 

.195  X  .195 

95.90 

5a55 

19.43 

39.71 

7,500 

45.41 

.906 

Broke  outside  the  marks. 

.2^5  X  .295 

5.36 

.     6.19 

&92 

18.87 

10,180 

6a  79 

.658 

Not  broken. 

.192   X  .192 
.194   X  .195 

34.20 
21.40 

58.70 
59.34 

44.86 
41.05 

.860 
.759 

Broke  near  the  central  mark 
Broke  within  the  marks. 
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TESTS  OF  HABDNESS. 

lu  order  that  the  comparisoDS  of  the  several  kinds  of  steel,  m  respect 
to  hardness,  should  be  freed  from  liability  to  error  as  far  as  practicable, 
a  set  of  specimens  (short  pieces  of  gun-wires)  was  prepared  by  anneal- 
ing  them  together  at  the  standard  heat 

They  were  tested  in  the  Rodman  machine,  at  the  Washington  uavj- 
yard,  the  adjustment  of  the  apparatus  remaining  the  same  throughout 
the  experiments. 

The  test  applied  consisted  in  determining  the  extent  of  the  indenta< 
tions  made  in  the  several  specimens  by  a  pyramidal  indenting-tool  re- 
sembling the  ^^  cutter"  of  the  Rodman  pressure-gauge,  under  a  uniform 
pressure  of  two  thousand  pounds.  The  proportions  of  the  indenting-tool 
are  such  that  the  base  of  the  pyramid  is  a  rhomb,  having  its  diagonals 
as  one  to  seven  in  length,  and  its  height  about  one-half  the  length  of  the 
shorter  diagonal ;  or  the  relation  of  its  dimensions  may  be  more  exactly 
stated  as  follows:  Long  diagonal,  607;  short  diagonal,  87  ;  height,  43. 

After  the  indentations  were  made  the  pieces  were  carefully  examined, 
and  a  few  rejected  on  account  of  imperfections  not  visible  before  the 
experiment.  When  slight  imperfections,  not  supposed  to  have  material 
influence  on  the  results,  were  found,  the  experiments  are  included  in  the 
table,  with  the  proper  remark.  In  none  of  these  cases  was  any  defect 
in  the  metal  discovered  where  the  indentation  was  made.  The  result  of 
the  imperfections,  if  any,  would  of  course  be  to  lengthen  the  cut 

The  indenting-tool  appears  not  to  have  suffered  any  change  from  use. 


Table  6S.'-TESTS  OF  HABDNESS,  {BeiiaUnoe  to  indentation.) 
[For  explMiation  of  marka,  see  pa^ee  136  to  140.] 


Mark  deaignating  materia]. 

Length  of 
ont  under 
preeanre 
of  9.000 
ponnda. 

Remarka. 

1 
1 
1 

HWco  4 

Znehe». 
0.979 
0.370 
0.396 
0.950 
0.983 
0..313 
0.315 
0.399  * 
0.300 
0.  .110 
0.314 
0.999 
0.949 

0.331 
0.334 
0.339 
0.978 
0.369 
0.396 
0.340 
0.345 
0.308 
0.360 
a376 

0.987 
0.976 
0.976 
0.954 
0.979 
0.985 
0.309 

1 

1 

HWoo  5 

HWoo  7 

HWoo  8 

HWoo   9 

H  Wools 

HWoo  14 

1 

HWoo  16 

SUgbt  widening  of  aarfaoe  on  which  indentation  i« 
made,  detected. 

HWco  17 

HWco  18 

HWco  19 

HWoo  20 

H  WooT 

' 

OHool 

Slight  widening  of  aarfaoe  detected. 

Specimen  not  perfect. 
Imperfection  ou  oppoaite  tide. 

CHco9 

CHoo3 

CHoo4 

CHooSI 

C  Hoo6 

CHoo7 

CHoo9 

C  Hoo  (EF) 

CHcospbG  1.1 

. 

CHcoSfbG3.S 

SPR  1 

Imperfection  at  one  comer.    Probably  haa  na  eifoct 

8PR  9 

SPR  3 

SPR   4 

SPR   5 

SPR   6 

SPR   7 

1 
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Table  55,^TEST3  OF  HABDNM88,  if  c— Continued. 


Lenicth  of 
oat  under 
preasnre 
of    9,000 
ponnda. 

Heautfka. 

SPR   8 

Inehtt, 
0.306 
0.307 
0.306 
0.311 
0.989 
0.986 
0.288 
0.982 
0.278 
0.294 
0.285 
0.279 
0.279 
0.270 
0.277 
0.307 
a  301 
0.345 
0.329 
0.327 
0.318 
0.307 
0.320 
0.287 
0.309 
0.360 
0.980 
a  284 
0.294 
0.311 
0.299 
0.307 
0.306 
0.320 
0.307 
0.308 
0.306 
0.330 
0.301 
0.310 
0.306 
0.300 
0.309 
0. 331 
0.312 
0.316 
0.305 
.0.304 
a  312 
0.308 
0.310 

a2fi5 
0.996 
0.331 
0.994 
0.853 
0.948 
0.885 
0.968 
0.973 
0.269 
a969 
0.963 
0.969 
0.964 

0.351 
0.316 
0.333 
0.305 

0.397 
0.300 
0.844 
0.308 
a366 

yot  perfect  in  plane  tranaverae  to  cat 

* 

Slight  widening  of  aarfkce. 

Slight  imperfection  on  the  aame  aide  with  indentfi- 
tion ;  auppoaed  not  to  afTect  it. 

Imperfect  in  plaice  tranaverae  to  oat. 
Slight  widening  of  aarface.    Cnt  not  central. 

Sarfaoe  alightly  widened. 

S  PR  10 

SPRU 

S  PR  12 

SPR13 

SPRU 

SPR15 

SPR  16 

SPR  17 

SPRld 

SPR21 

SPR29 

:  SPR25 

SPR97 

SPR89 

SPR31 

SPR32 

8PR36 

SPR37 

SPR38 

SPR39 

SPR40 

SPR49 

SPR45 

SPR47 .'.'.'..*.! 

SPR  49 1 

8PR51 

SPR53 

SPR55 

SPRS7 

SPR60 

SPR69 

SPR64 

SPR66 

SPR68 

SPR70 

SPR71 

CSoo  6 

USco  8 

CSoo  10 

CScol9 

CSoo  14 

CSoo  16 

CSoo  18 

1  PBool 

1  PBco3 

Hoo9 

Moo  4 

3 
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Table  ^.— TESTS  OF  SABDNESS,  ^c— Continued. 


Mark  desigtiatiiig  material. 

Length  of 
outaoder 
pressure 
of    2,000 
pounds. 

Bemarks. 

Too   1 

Jnehet. 
0.247 
0. 257 
0.271 
0.258 
0.263 
0.2.'i0 
0.248 
0.255 
0.244 
0. 251 
0.255 
0.262 

0.329 
0.307 
0.330 
0.340 
0.345 
0.237 
0.270 
0.310 
0.293 
0.288 
0.2P9 
0.287 

0.273 
0.288 
0.2^ 
0.281 
0.282 
0.288 
0.288 
0.268 
0.289 
0.3C5 
0.278 

D.331 
0.345 
0.345 
0.350 
0.339 
0.310 
0.3-J3 
0.355 
0.316 
0.337 
0.318 
0.339 
0.345 
0.3.')3 
0.348 
0.341 
0.342 
0.327 
0.312 
0.334 
0.324 
0.341 
0.342 
0.339 
0.319 
0.347 
0. 324 
0.307 
0.322 
0.345 
0.328 
0.329 
0.345 
0.323 
0.338 
0.338 
0.325 
0.337 

T  CO   2 

Too  3 

/ 

Too  6 

T  00   8 

» 

Too   9 

Too  10 

Too  11 

Tcol3 

Too  14 

Tcol5 

Too  16 

• 

NSoo  1 

NSoo  8 

NSco  3 

• 

NSco  4 

Slight  widening  of  surfatce. 

NSco  5 : 

NSoo  6 

NSoo  7 

NSoo  8 

NSoo  9 

NSoo  10 

NSoo  11 

NSoo  12 

Ceo   1 

Ceo   2 

Ceo   5 

Ceo   6 

Ceo  7 

Coo   8 

Ceo   9 

Ceo  16 

Ceo  17 

Ceo  18 

Coo  20 

B 

C 

D 

E 

¥ 

G 

H 

" 

I 

Surface  widened  slightly. 

J 

K 

L 

M 

N 

Slight  widening  of  surface. 

O i 

P 

Q 

S ::::.::::;::::;::::: 

• 

S 

T 

u 

V 

W 

X 

Y 

Z 

A  A 

AB 

' 

AC 

AD 

AE 

AF 

AG 

AH 

Surface  slightly  widened. 

AI 

A  J 

A  K 

AL 

AM 
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Mark  dcaignatlDg  materiaL 


AX 

AO 

A  I* 

C  F 

C  II 

CJ 

CK 

BB 

15X 

BR 

A  CO  1 

A  CO  2 

A  CO  3 

A  CO  4 

Aco  6 

A  CO  8 

Aco  10 

Acoll 

A  CO  12 

Aco  13 4 

Aco  15 

Aco  17 

Aco  18 

Aco  Iff 

Aco  20 

Aco  21 

A  CO  22 

Aco  23 

Aco24 

Aco  25 

Aco  26 

Aco  28 

Aco  30 

Acq  31 •. 

A  CO  32 

Aco  34 

Aco  35 

Aco  38 

Aco  39 

Aco  40 

Aco4:« 

Aco  44 

Aco  47 

Ago  48 

Aco  SO 

A  CO  51 

A  CO  52 

Aco  57 

A  CO  58 

A  CO  59 

Aco6l 

A  CO  64 

Aco  65 

A  CO  66 

A  CO  67 

Aco6d 

A  CO  69 

A  CO  70 

Aco  71 

Aco  72 

Aco  73 

Aco  74 

Aco  75 

A  CO  76 

Aco  77 

Aco  78 

Aco  79 

Aco  80 

Aco  81 

Aco  86 

Aco  87 

Aco  88 

Aco  69 


Length  of 
cut  under 
pressure 
of  2,000 
pounds. 


Inehea. 
0.326 
0.346 
0.347 

0.315 
0.308 
0.307 
0.286 

O.^'Q 
0.279 
0.283 


Remarks 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


297 
283 
290 
308 
281 
320 
292 
2,57 
269 
265 
283 
2H) 
275 
292 
260 
275 
249 
299 
287 
307 
309 
'301 
289 
294 
281 
257 
256 
269 
252 
247 
302 
313 
274 
302 
2hl 
299 
313 
288 
304 
284 
293 
296 
278 
287 
284 
285 
307 
296 
280 
303 
266 
300 
288 
300 
298 
288 
297 
289 
272 
252 
257 
2.52 
266 


\  Separately  annealed ;  standard  beat. 


Slight  imparfection. 
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Tabus  G6*^TE8TS  OF  HABDKES8,  ^.^Continned. 


Mark  designating  ihateriaL 

Length  of 
cnt  under 
pressure 
of    9,000 
pounds. 

Bemaito. 

A  CO  90 

Inehiit, 
0.959 
0.989 
0.949 
0.963 
0.948 
0.955 
0.973 
0.985 
0.981 
0.980 
0.984 
0.974 
0.965 
0.979 
0.977 
0.989 
0.968 
0.977 
0.975 
0.978 
0.965 
0.994 
0.991 
0.995 
0.998 
0.300 
0.991 
0.306 
0.983 
0.975 
0.964 
0.981 
0.970 
0.311 
0.973 
0.993 
a  974 

0.989 
0.986 
0.969 

0.987 
0.988 

0.984 
0.994 

0.985 

0.965 
0.978 

0.977 
0.960 

0.998 
0.966 
0.965 

a  969 
0.986 

0.349 

A  CO  91 

A  CO  99 

A  CO  93 '. 

A  CO  94 

A  00  95 

A  00  96 

A  CO  97 

A  CO  98 

A  CO  99 

A  00  100 * 

A  CO  109 

A  00 104 

A  CO  105 

A  00 106 

A  CO  107..... 

A  CO  109 

A  00 110 

Aooll9i 

A  00 114 

A  CO  115 

A  CO  199 

1 

A  CO  130 

1 

A  00 139 

A  CO  135 

A  CO  136 

A  CO  137 

A  00 138 

A  CO  139 

A  CO  140 

A  CO  141 

A  00 149 

A  CO  143 

1 

A  CO  144 

1 

Aool46 

. 

A  CO  147 

BE8   4 

BUB   16 ..; .' 

Hool 

Hco9 

' 

Jcol... 

1 

Joo9 

• 

JBHco 

EM  col 

SMco9 

HE  col 

HEoo9 

XcolS(c) 

NcolT 

Koo9T 

SB  col 

SB  CO  9 

12«B 

Att  Piton-urmCMPmc  cot/y  Mm0vfs  ^Mem. 
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Table  ^.^TESTS  OF  HAADNES8,  ^— Conliniied. 


Murk  dedgnating  maiteritL 

Length  of 
ont under 
prescinre 
of    9.000 
pounds. 

Bemfttto. 

A  CO  90 

0.959 
0.989 
0.949 
0.963 
0.948 
0.955 
a973 
0.985 
0.981 
0.980 
0.984 
0.974 
a965 
0.979 
0.977 
0.989 
0.968 
0.977 
0.975 
0.978 
0.965 
0.994 
0.991 
0.995 
0.998 
0.300 
0.991 
0.306 
0.983 
0.975 
0.964 
0.981 
a  970 
0.311 
0.973 
0.993 
0.974 

0.989 
0.986 
0.969 

0.987 
0.988 

0.984 
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Appendix  G. 

Statement  of  the  principal  articles  procured  by  fabrication  at  the  arsenals 
and  by  purchuse  during  the  year  ending  June  30, 1875. 

1  3.15-iDcb  breech-loading  steel  gan. 

8  GatliDg guns,  cal.  .45incb,  with  appendages. 

4  light  6poanders,  carnages  and  limbers. 

1  carriage  for  3.15-inch  breech-loading  gan. 
64  carriages  and  limbers  for  cal.  .45inch  Gatling  gan. 
13  15-iuch  gnu-carriages,  with  pneumatic  buffers. 

1  set  implements  for  3.15-iuch  breech-loading  gun. 

2  breech-sights  for  15-inch  gun. 
67  buckets,  assorted. 

10  cannon  spikes. 

4  elevating  arcs  and  indices  for  15-inch  gan. 

19  elevating-bars. 
6  fuze-wrenches. 

1, 850  feed-cases  for  cal.  .45  Gatling  gan. 
2  gunners'  gimlets. 
2  pairs  gunners'  sleeves. 
122  handspikes,  various. 
51  sets  harness  for  Gatling  guns,  2-hor8e. 
4  loading-tongs. 
74  maneuvering-bars. 
4  muzzle-sights. 
2  priming-wires  for  15-inch  gun. 

11  rammers  and  staves  for  15inch  gun. 
21  pairs  shell-books. 

20  scrapers  for  guns. 
60  securing-stakes. 

20  sponge-covers  for  field  and  sea-coast  guns. 
15  sponges  and  rammers  for  field-guns. 
8  sponges  and  staves  for  field  and  sea-coast  guns. 
13  paulins. 

12  thumb-stalls. 

2  tompions  for  12-poander  guns. 
20  vent-covers. 

2  vent-punches  for  15-inch  guns. 
15  vent-pieces. 

40  wipers  for  mortars. 
1  worm  and  staff  for  siege-gun. 

3  Front-sight  covers  for  1-inch  Gatling  gans. 

53  gun-covers.  * 

100  3-inch  shot. 
100  3.12  inch  shot 
424  8-inch  shot. 

60  8.4-inch  shot 
511  9-inch  shot 
387  15-inch  shot 
170  3-inch  shell. 

50  3.9inch  shell. 
100  3.15.inch  shell. 

60  3-inch  canister. 
lOy  004  Springfield  carbines,  cal.  .45-inch. 
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IG,  253  Springfield  rifles,  cal.  .45  inch. 

500  Springfield  '' cadet '^  rifles,  caL  .45  inch. 

143  Lee  rifles,  cal.  .45  inch. 
6, 400  Colt's  revolvers,  cal.  .45,  and  appendages. 
10, 000  trowel -bayonets. 

2  officers'  swords. 

3  cavalry  sabers. 

2  sets  cavalry  accouterments. 
6,380  carbine-cartridge  poaches. 
6, 796  steel-bayonet  scabbanls. 
10,010  trowel-bayonet  scabbards. 
3, 172  cartridge-boxes. 

12  sets  infantry  equipments* 
5, 000  gun-slings,  lengthened. 

62,  764  parts  of  cavalry  equipments. 

4,  289  parts  of  infantry  equipments. 

2,  409  scabbards  for  intrenching-tools. 
55, 036  appendages  for  Springfield  arms. 

13  ambulance-saddles. 

29, 977  cartridge-bags,  filled,  various. 
9, 922, 076  metallic  ball-cartridges. 
757, 654  metallic  blank-cartridges. 
25  metallic  fuzes. 
200  friction -primers. 
3, 927  pounds  powder. 
500  signal-shells. 

72  blocks,  various,  for  artillery  use. 
157  chocks,  various,  for  artillery  use. 

4  gin-falls. 
1  gun-lift. 

4  gin-handspikes. 
10,000  intrenching-tools. 

1  handcart. 

44  rollers,  various,  for  artillery  use. 
23  shifting-planks. 

2  trace- ropes. 

10  plane-tables. 
23  siege-platforms. 

5  shell  racks. 

11  skids. 

3  sets  floor-boards. 

13  sets  of  pneumatic  buffers. 
1,  000  wooden  ramrods. 
164,  604  parts  of  Springfield  arms. 
*     222  pairs  of  saddle-bags. 
7, 854  cavalry  saddles,  covered  with  leather* 

500  fuze-plugs,  brass. 
1,242  arm-chests. 
1, 196  packing-boxes. 
10, 348  small-arm  ammunition-boxes. 
480  tin  cans. 

5  tin  boxes. 
700  copper  disks. 

1  electric  disjunctor. 
639  tools,  various. 
5  velocimeters.    • 
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252  poands  falminate  of  mercury. 
115  gallons  lacker. 
29, 973  poands  paint. 
1  bollet-macbine. 
501  boxes  cleaning  materials  for  arms  and  accoaterments. 
1  cavalry  forge-cart. 

3  tool-bags  for  saddlers  and  smiths'  tools. 
60, 984  horseshoes. 
95, 904  poands  horseshoes. 
29, 435  poands  horseshoe  nails. 


APPENDIX  H. 


Statement  of  ordnance  and  ordnance  stores  issued  to  the  Regular  Army  and 

to  posts  during  tl%e  year  ending  June  30, 1875. 

Glass  I. 

2  12-poander  bronze  gans,  light. 
2  12-pounder  mountain  howitzers. 
1  6-pounder  bronze  gun. 

1  4}-inch  siege-gan. 

2  3-inch  rifle-gans. 

1  Oatling  gun,  cal.  1  inch. 
5  Gatling  gans,  cal.  .50. 
4  Gatling  guns,  cal.  .45. 

Class  II. 

19  15-inch  barbette  gun-carriages  and  chassis. 
1  4^-inch  siege-gan  carriage,  with  limber. 

1  4|-inch  siege-gun  carriage,  without  limber. 

2  3-inch  gun-carriages,  with  limbers. 

4  12-pouader  gan-carriages,  with  limbers. 

2  12-pounder  prairie-carriages. 

1  Oponnder  gan-carriage,  with  limber. 
9  Gatling  gati-carriages. 

3  Gatling  gun-caissons,  with  limbers. 
10  cavalry  forges. 

1  portable  forge. 

3  traveling  forges,  "A,"  with  limbers. 

Class  III. 

G  sets  of  harness  for  two  lead-horses. 
0  sets  of  harness  for  two  wheel-horses. 

Class  IV. 

50  8  inch  sea-coast  howitzer  canister. 
400  13inch  seacoast  mortar  shell. 
100  3  inch  Eureka  case-shot. 

40  3-inch  Eureka  shell. 

24  o 
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100  30-pounder  Parrott  shell. 
100  lOO-pounder  Parrott  shell. 
100  12-poiiDder  shot,  unattached. 
100  30-pounder  Parrott  shot. 
20  32-pounder  shot. 

Class  V. 

CO  3iuch  gun  canister. 

24  6-pounder  gun  canister. 
258  12-pounder  gun  canister. 

244  12-pounder  mountain-howitzer  cauistc?. 
160  3-inch  Hotchkiss  case-shot. 

52  Gpounder  gun  case-shot. 
580  12-pounder  gun  case-shot. 
252  12-pounder  mountain-howitzer  case-shot. 
300  3inch  Hotchkiss  shell. 
100  4^-inch  Absterdam  shell. 
368  12pounder  field-gun  shell. 
508  12-pounder  mountain-howitzer  shel?. 
200  3-inch  Hotchkiss  shot. 

20  12-pounder  gun  shot. 

Class  VI. 

243  carbines,  Sharps',  cal.  .50. 

27  carbines,  (Springfield,  cal.  .50. 
3, 763  carbines,  Springfield,  cal.  .45. 

10  muskets,  fiint-lock,  with  whalebone  ba^'onets. 

23  muskets,  breech-loading,  Springfield,  cal.  .50. 
320  rifies,  Springfield,  cadet,  cal.  .45. 

5, 429  rifies,  Springfield,  cal.  .45,  with  triangular  bayonets. 
6,  774  rifles,  Springfield,  cal.  .45,  with  trowel-bayonets. 

5  rifles,  muzzle-loading,  cal.  .58. 
2,  750  revolvers,  Colt's,  cal.  .45. 
22  revolvers,  Colt's,  cal.  .44. 

17  revolvers.  Remington,  cal.  .44. 

580  revolvers.  Smith  &  Wesson's,  cal.  .45. 
7  revolvers,  Smith  &  Wesson's,  cal.  .44. 

25  breech-loading  shotguns,  doublo-bs^rrel.  No.  10  bore. 
1  saber,  artillery. 

225  sabers,  light,  cavalry. 
48  sabers,  light,  cavalry,  nickel-plated. 

28  swords,  musicians',  leather  scabbards. 
47  swords,  musicians',  steel  scabbards. 

24  swords,  non-commissioned  officers',  leather  scabbards. 
28  swords,  non-commissioned  officers',  steel  scabbards. 

Class  VII. 

34  saber-belts,  artillery. 

18  saber-belt  plates,  artillery. 
2, 042  saber-belts,  cavalry. 

2,  Oil  saber-belt  plates,  cavalry. 
441  saber  attachments. 
595  saber-knots. 
974  carbine  cartridge-boxes. 
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1, 561  carbiue  cartridge-pouches,  (Dyer's.) 

2,  55G  carbiue-sliugs. 

1, 845  carbine-sling  swivels. 

3, 180  pistol-belt  holsters. 

1, 229  pistol  Qartridge-pouches. 

1, 252  infantry  eqaipmeuts,  sets  of,  complete. 

255  bayonet-scabbards,  leather. 

329  bayonet-scabbards,  steel. 
G,  811  bayonet-scabbards,  trowel. 

256  brace-yokes. 
11, 299  canteens. 

211  cap-pouches. 

357  cartridge-boxes,  cal.  .58. 

170  cartridge-boxes.  No.  1. 

271  cartridge-boxes,  No.  2. 

450  c«artridge-boxes  for  shoulder-belts. 

300  cartridge-boxes  for  waist-belts. 

113  cartridge-box  plates. 

258  cartridge-box  belts. 

156  cartridge-box  belt-plates. 
3, 080  great-coat  straps. 
3,080  gunslings. 
8,  778  haversacks. 

2,  722  knapsacks. 

898  meat-ration  cans. 

40  perforated  wooden  blocks  for  cartridge-boxes. 

57  sword-belts,  noncommissioned  officers'  and  musicians'. 

52  sword  belt  plates,  non  C3m!nissioned  officers'  and  musicians'. 
327  valines. 
344  valise-straps. 

330  waist-belts,  non-commissioned  officers'  and  musicians'. 

313  waist-belt  plates,  non-commissioned  officers'  and  musicians'. 

704  waist-belts,  privates'. 

638  waist-belt  plates,  privates'. 
3, 401  bridles,  curb. 
2, 093  bridles,  watering. 

517  carbine-sockets. 

7.028  curry-combs.  , 
2,623  girths. 

6,645  halters. 
8,447  halter-straps. 
10,001  horse-brushes. 
8, 196  lariats. 
1, 770  links. 

5.029  nose-bags. 

3,  799  picket-pins. 
1,592  saddles. 

10  saddles,  ambulance. 
3,209  saddle-bags.  . 

864  saddle-blankets,  artillery. 
7, 881  saddle-blankets,  cavalry. 

75  saddle-cloths,  felt. 
5,304  side-lines. 
5,906  spurs. 
6,212  spur-straps. 
3,  748  surcingles. 
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Class  VIII. 
Ammunition  for  small-arms. 

1, 000  blank-cartridges,  cal.  .60. 
150  buck-shot,  poands. 
173, 040  carbine  ball-cartridges,  cal.  .50. 
1, 380, 200  carbine  ball-cartridges,  cal.  .45. 
395, 700  carbine  and  rifle  blank-cartridges,  cal.  .45. 
397, 680  musket  ball-cartridges,  cal.  .50. 
20, 474  musket  blank-cartridges,  cal.  .50. 
4, 500  canister  for  Gatling  gun,  cal.  1  inch. 
5, 250  elongated  ball-cartridges  for  Gatling  gun,  cal.  I  inch. 

300  elongated  ball-cartridges,  cal.  .54. 
1, 000  musket  blank-cartridges,  cal  .58. 
701, 500  revolver  ball-cartridges,  cal.  .45. 
3, 200  revolver  ball-cartridges,  metallic,  cal.  .44. 
5, 859  revolver  ball-cartridges,  paper,  cal.  .44. 
1, 000  revolver  ball-cartridges,  skin,  cal.  .44. 
28, 800  revolver  blank-cartridges,  metallic,  cal.  .45. 
13, 200  revolver  blank-cartridges,  metallic,  cal.  .44. 
5, 000  revolver  blank  cartridges,  paper,  cal.  .44. 
3, 021, 800  rifle  ball-cartridges,  cal.  .45. 
1, 000  round  ball-cartridges,  cal.  .54. 
5, 000  felt  wads. 

Ammunition  for  field-guns, 

2, 850  blank-cartridges,  ^ -pound  charge. 
730  blank-cartridges,  1-pound  charge'. 
750  blank-cartridges,  2-pound  charge. 
4, 950  blank-cartridges,  6-pounder  gun. 
1, 000  blank-cartridges,  10-ponnder  gun. 
7, 614  blank-cartridges,  12-pounder  gun. 
6,760  blank-cartridgeSf  12-pounder  mountain  howitzer. 
1, 000  blank-cartridges,  24-pounder  howitzer. 
7, 620  blank-cartridges,  3-inch  gun. 
90, 674  friction-primers. 
1, 350  fuzes,  assorted. 
19, 200  cannon  powder,  pounds. 

10  Hazard's  duck  powder,  pounds. 
3, 000  mammoth  powder,  pounds. 

100  mealed-powder,  pounds. 
19, 159  mortar  powder,  pounds. 

800  musket  and  rifle  powder,  pounds. 
3, 000  percussion -caps,  pistol. 
500  signal  shells. 
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Appendix  I. 

Apportionment  of  anna  for  the  fiscal  year  ending  June  30,  1875,  under  the 
law  of  1808,  for  arming  and  equipping  the  militia^  as  amended  by  the 
seventh  section  of  the  act  approved  March  3,  1855,  and  regulations 
established  in  conformity  thereicith. 


a  cu 

• 

States  and  Territories. 

(4  §  e) 

• 

g 
> 

\ 

©**■*» 

HI 

§ 

a*" 

s 

Alabama 

Arkansas  ... 
California.. . 
Connecticut. 
Delaware  ... 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 


Kansas... 
Kentucky 
Louisiana 
Maine 


Maryland 

Massachusetts. . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nebraska 

Nevada 

New  Hampshire 
New  Jersey  . . .  - 

New  York 

North  Carolina. 
Ohio 


Oregon 

Pennsylvania  . 
Rhode  Island... 
South  Carolina 

Tennessee 

Texas 


Vermont 

Virginia 

West  Virginia , 

Wisconsin 

Arizona  Territory* , 

Colorado  Territory* 

Dakota  Territory  • 

Idaho  Territory* 

New  Mexico  Territory* 

Montana  Territory  * 

Utah  Territory  * 

Washington  Territory  * 

Wyoming  Territory* .*. 

District  of  Columbia* 


Xotal . 
Freights,  &c 


10 

6 

6 

6 

3 

4 

11 

21 

15 

11 

5 

12 

8 

7 

8 

13 

11 

5 

8 

15 

3 

3 

5 

9 

35 

10 

22 

3 

29 

4 

7 

12 

8 

5 

11 

5 

10 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


396 


$4 
2 
2 
2 
1 
1 
5 

10 
7 
5 
2 
5 
3 
3 
3 
6 
5 
2 
3 
7 
1 
1 
2 
4 

16 
4 

10 
1 

13 
1 
3 
5 
3 
2 
5 
2 
4 
1 
] 
1 
1 
1 
1 
1 
1 
1 
1 


189 
11 


797  85 
878  71 
878  71 
878  71 
439  36 
919  14 
277  64 
075  49 
196  78 
277  64 
398  93 
757  42 
838  28 
358  50 
838  28 
237  21 
277  64 
398  93 
838  28 
196  78 
439  36 
439  36 
398  93 
318  06 
792  48 
797  85 
555  27 
439  36 
913  76 
919  14 
358  50 
757  42 
838  28 
398  93 
277  64 
398  93 
797  85 
439  36 
439  36 
439  36 
439  36 
439  36 
439  36 
439  36 
439  36 
439  36 
439  36 


995  00 
005  00 


200,000  00 


*  Apportionment  accordiug  to  the  first  paragraph  of  the  President's  regulation  of  April  30, 1855. 
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Appendix  K. 

Statement  of  ordnance^  ordnance  stores^  iSbc.^  distributed  to  the  militia  from 
July  1, 1874,  to  June  30,  1875,  under  the  late  of  1808,  as  amended  by  the 
seventh  section  of  the  act  approved  March  3,  1855. 

4  6-poander  bronze  guus. 
4  12-poander  bronze  guns. 

1  Catling  gun,  cal.  .45  inch,  and  appendages. 

2  Gatling  gans,  cal.  1  inch,  and  appendages. 
4  6-ponuder  carriages  and  limbers. 

4  6'pounder  carriages  and  limbers,  small. 
4  12-pounder  carriages  and  limbers. 
1  howitzer  carriage  and  limber,  small. 

1  carriage  and  limber,  for  Gatling  gnn,  cal.  .45  inch. 

2  carriages  and  limbers  for  Gatling  gun,  cal.  1  inch. 
2  6-pounder  caissons  and  limbers. 

4  12-pounder  caissons  and  limbers. 
1  breech-sight. 

1  backet,  sponge. 

2  buckets,  tar. 

1  fuze-gouge. 

0  gunners'  haversacks. 
4  gunners'  pouches. 

3  handspikes,  trail. 

18  harness,  artillery,  for  2  wheel-horses,  sets. 

14  harness,  artillery,  for  2  lead-horses,  sets. 

4  implements  and  equipments  for  6-ponnder  gun,  sets. 
4  implements  and  equipments  for  12ipounder  gun,  sets. 

2  lanyards. 

4  pendulum  hausses  and  pouches. 
7  priming-wires. 
6  prolonges. 

1  sponge-cover. 

4  sponges  and  rammers,  3-inch  gun. 

2  tarpaulins,  12  by  15  feet. 
•              3  thumb-stalls. 

5  tube-pouches. 
1  vent-cover. 

200  Hotchkiss  solid-shot,  3-inch. 
200  Hotchkiss  shell,  3  inch. 
100  Hotchkiss  case-shot,  3-inch. 
50  Hotchkiss  canister,  3-inch. 
186  Springfield  carbines,  cal.  .45  inch. 

15  Spencer  carbines,  cal.  .50  inch. 

150  Springfield  rifled  muskets,  cal.  .58  inch. 
2,982  Springfield  rifles,  cal.  .45  inch. 
2, 954  Springfield  muskets,  cal.  .50  inch,  model  1868. 

80  Springfield  "  cadet "  muskets,  cal.  .50  inch,  model  1800. 
1, 310  Springfield  muskets,  cal.  .50  inch,  model  1870. 

449  Eemingtoif  locking-rifles,  cal.  .50  inch. 
2, 693  Colt's  revolvers,  cal.  .45  inch. 

20  Schofield-Smith  &  Wesson  revolvers,  cal.  .45  inch. 

655  Smooth-bore,  single-barrel  pistols,  cal.  .54  inch.  • 

126  light  cavalry  sabers. 

207  light  artillery  sabers. 
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308  non-commissioned  oflBcers'  swords. 
155  artillery  saber  belts  and  plates. 

86  cavalry  accouterments,  sets. 
195  carbine  cartridge-boxes. 
625  carbine-slings. 
625  carbine-sling  swivels. 

76  cavalry  saber  belts  and  plate?. 
3, 454  infantry  accouterments,  sets. 
280  bayonet-scabbards,  leather. 
720  bayonet-scabbards,  steel. 
300  canteens,  complete. 
200  cartridge-boxes,  cal.  .58  inch. 
360  cartridge-boxes,  cal.  .50  inch,  No.  1. 
360  cartridge-boxes,  cal.  .50  inch.  No.  2. 
700  gnnslings. 
135  non-commissioned  officers'  shoulder  belts  and  plates. 

50  non-commissioned  officers'  waist  belts  nnd  plates. 
1, 125  privates'  waist  belts  and  plates. 

50  privates'  waist-belt  plates. 

23  brush-wipers  and  thongs,  Spencer's. 

12  compound  screw-drivers. 
364  tompions. 

1  set  horse-equipments. 

2  cavalry  curb-bridles. 

1,300  cavalry  saddles,  rawhide-covered. 
159  cavalry  saddles,  leather-covered. 

3  saddle-blankets,  blue. 
50  saddle-blankets,  red. 

1  saddle-cloth,  cotton-duck. 
600  cartridge-bags,  3-inch,  filled. 

10, 600  carbiue  ball-cartridges,  cal.  .45  inch. 
106, 000  rifle  ball-cartridges,  cal.  .45  inch. 

3, 000  rifle  blank-cartridges,  cal.  .45  inch. 
102, 050  musket  ball-cartridges,  cal.  .50  inch. 
5,  770  musket  blank-cartridges,  cal.  .50  inch. 
12,600  revolver  ball-cartridges,  cal.  .45  inch. 
2,300  mortar -powder,  pounds. 
3, 400  friction-primers. 

2  leg-guards. 
8  pole- pads. 

14  pole-straps,  pairs. 

10  saddles,  artillery,  drivers'. 

2  sponge- staves. 
10  whips,  artillery. 

1  worm  and  staff. 
278  spare  parts  for  Springfield  musket,  cal.  .50  inch. 
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Statement  of  ordnance,  ordnance  stores,  d;c.,  distributed  to  the  colleges  from 
July  1, 1874,  to  June  30, 1875,  under  the  joint  resolutimi  of  May  4, 1870. 

4  6-pounder  bronze  guns. 

4  light  12-pounder  bronze  guns. 
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4  Gpoauder  gan-carriages  and  limbers. 
4  12poaDder  gau-carriages  and  limbers. 
4  6-pounder  gan-caissons  and  limbers. 
4  12pounder  gun-caissons  and  limbers. 
4  sets  of  implements  and  eqaipments  for  G-pounder  gun. 
4  sets  of  implements  and  equipments  for  12pounder  gnu. 
4  tarpaulins,  12  by  15  feet. 
150  Springfield  rifled  muskets,  cal.  .50,  model  186S . 
638  Springfield  rifled  "cadet"  muskets,  cjil.  .50,  model  1869. 
49  musicians'  swords. 
75  non-commissioned  officers'  swords. 
788  bayonet-scabbards. 
788  carbine  cartridge-boxes. 

52  shoulder  belts  and  plates,  non-commissioned  officers\ 
20  waist  belts  and  plates,  non-commissioned  officers\ 
788  waist  belts  and  plates,  privates. 
20  sliding-frogs  for  waist-belts. 
2, 000  carbine  ball-cartridges,  cal.  .50  inch. 
1, 100  carbine  blank-cartridges,  cal.  .50  inch. 
2,000  "cadet"  musket  ball  cartridges,  cal.  .50 inch. 
100  friction-piimers. 
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